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, Author Profiles
Dr John Green has been involved with the IB since joining Kristin School, NewZealand, in 1987,

after extensive teaching experience in the UK at Repton and Manchester Grammar School.
There, as IB coordinator, he was responsible for the introduction of the IB into the school, the
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Foreword

This ‘Portfolio of Investigations’ has been written specifically to support the teaching of the
current International Baccalaureate Chemistry Course (©1996). It has been written by an
experienced and practising Senior Chemistry teacher with very close reference to the Internal
Assessment publication for 1.B. Experimental Sciences.

This series of 30 Investigations provides a coverage of topic areas from the SSC (Subject Specific
Core) and a selection of Type A, B, C and D activities as required by the assessment guidelines.
This Portfolio begins with some preliminary investigations appropriate for students entering the
course with little or no knowledge of practical Chemistry. The Investigations in this volume will
fit comfortably into a ‘Practical Scheme of Work’, as required but they are not intended to be
exclusive or exhaustive. Additional collections of Investigations are currently being developed
specifically for use with the AHL (Additional Higher Level) material and with the Options. A
table is provided showing the relevant topics and suggested assessment focus for each
Investigation. This set of Investigations will provide approximately 40-50 hours of activity. Each
practical activity includes an Assessment table which is designed to record the teacher's judgement
of the level achieved using the scale of 0-3. It also provides the opportunity for teachers to
indicate the breakdown of these marks. There is also a Master Assessment table which may be
used to maintain a progressive record to help determine the final score out of 24 as required.

We would like to acknowledge the helpful advice given by various IBO staff in developing this
series of Portfolios. We also wish to thank IBO for permission to include assessment "Aspects' in
the Teaching Notes for easy reference by teachers.

The authors have trialed all of these activities and have suggested various safety precautions but
will not accept any responsibility whatsoever for any accident that may arise during the conduct of
these Investigations. We will however be pleased to receive any suggestions and comments from
staff or students using this material.

A second volume of Investigations for IB Chemistry is in preparation and will be published before

the end of 1999. Please refer to www.ibid.com.au for current information.

Dr John Green (Author) David Greig (Editor) Hong Kong 2001
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Theory of Knowledge

“Theory of Knowledge is central to the International Baccalaureate Diploma programme of
studies. It may be seen as a matrix in which the distinct forms of knowledge specific to the
subjects which comprise the IB curriculum can be critically evaluated, compared and contrasted
and to an appropriate degree integrated.” (Ref: IB THEORY OF KNOWLEDGE GUIDE)
Participation in the IB Chemistry practical programme enables students to develop an
understanding of the traditional ‘scientific method’. It requires students to become proficient in
the process of experimental design. This includes key scientific concepts such as writing
hypotheses, identifying and controlling variables, making detailed observations, collecting and
analysing data and evaluating procedures.

By developing an understanding of the “scientific method’, students are able to compare this

process with data collection in other subjects. Students can consider whether science is unique or

whether the same or similar methods are used in mathematics.and the social sciences.

Various other issues are incorporated into this practical programme. The use of models to
develop an understanding of scientific concepts is considered in a number of investigations.
Students are required to evaluate the use of their models and their role in the collection of
scientific knowledge.

The differences between objectivity and subjectivity are inherent in any-scientific investigation. .
Students are encouraged to take this into account when they interpret the data collected from
detailed observations during these practical investigations. They need to evaluate the accuracy of
their measurements and show how this impacts on their hprtheses. The human element in the
interpretation of data and the making of conclusions is never far from the front iﬁ any of these |
investigations.

This IB Chemistry practical programme therefore encourages students to ‘see how science is
done’. For a brief period they can imagine they are scientists collecting data and discovering new
concepts. They can see how scientific knowledge is expanded, clarified and consolidated. By
evaluating their own procedures and objectivity, they can cast some light on the factors, which
influence ‘real’ scientists and how those factors can impact on their conclusions.

The teacher who has prepared this Portfolio of Investigations did so to assist students to develop
a coherent ‘“Theory of Knowledge’.

We trust that you will find these Investigations both enjoyable and valuable.

A Portfolio of Investigations for 1.B. Chemistry. © Green. J. and Greig. D Australia 2001 4
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IB Sciences Assessment Tables

Skills

Criteria

Complete (C)
Partial  (P)
Not at ail (N)

Level
(0-3)

Defining a problem or research question
Relating the hypotheses or prediction to the research question

Selecting relevant variables

Designing a method with appropriate apparatus/materials
Designing a method for the control of the variables

Designing a method for the collection of sufficient data

Collecting and recording appropriate raw data

Presenting raw data allowing easy interpretation

Processing raw data correctly

Presenting processed data appropriately

Stating a valid conclusion based on interpretation of results

Evaluating the procedure including limitations and errors

Suggesting a modified procedure to improve the investigation -

Using techniques and equipment in a safe manner

Following instructions accurately and thoughtfully

Working as part of a team
Recognising the contribution of others

Encouraging the contribution of others

Showing self-motivation and perseverance
Behaving in an ethical manner

Paying due attention to environmental impact

To the student

The study of Science is not merely a matter of memorising facts or even understanding and applying
concepts, it also is a way of investigating or finding out about living and non-living materials. This is
why all of the IB science subjects include the teaching and assessment of skills. The skills involve
activities that would normally be undertaken by scientists and all other people who work in a scientific
way. As you can see from the Assessment Table above, these skills can be broken down into specific
criteria as shown by the ‘dot points’. The activities in this Portfolio of Investigations will enable you to
develop the skills and your teacher will assess whether you are able to demonstrate the criteria are
‘Completely’, ‘Partially’ or ‘Not at all’. Your teacher will record this information and award a Level
(0, 1, 2, or 3) for each skill. Since there are 8 skills you will be able to achieve a maximum of 24
points. You may wish to keep up a progressive record on the next page. If you need to know more
about this process please ask your teacher.

None of the Investigations in this Portfolio focus specifically on Personal Skills criteria, but they will be

subject to ongoing evaluation by your teacher(s) throughout your practical programme.

A Portfolio of Investigations for 1.B. Chemistry. © Green. J. and Greig. D Australia 2001
This sheet may only be photocopied and used according to the Conditions of Sale



The next two pages are provided for you to copy for use in some of the Investigations if you
wish.
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BIOHAZARD

GOGGLES

HEALTH AND SAFETY SYMBOLS

Laboratories can be hazardous places. Often scientists, science teachers and students
handle equipment and materials, which can be dangerous to their health and safety.
Throughout these Portfolios of Investigations you will see a number of symbols which
will represent particular hazards. For each of these we will briefly describe the hazard
and indicate what precautions you might take to avoid damage and/or what responses
are appropriate. In all cases of course, you should seek advice and assistance from the
teacher or laboratory technician.

A biohazard is any organism or body fluid which could possibly cause illness or disease
in your body. These particularly include micro-organisms. A particular hazard is using
blood or blood products or saliva which may carry HIV, hepatitis or other diseases. In
many cases it will be necessary for you to wear gloves and or devices which filter the air
you breathe. Particular care should be taken when disposing of these materials.

A flammable substance is one which will readily burn in air. It may be a solid liquid or a
gas. If you are using such a substance it is vital that there are no sparks or naked flames
which could ignite it. It is vital that you know what to do in the event of fire. This may
include the use of fire extinguishers and evacuation procedures.

A radioactive substance is one which emits particles or “radiation”. This radiation is
known to cause damage to cells and is known to be cancer causing. If you are using
radioactive substances it is vital that you wear protective clothing, use metal tongs and
listen carefully to instructions given by a teacher or laboratory technician. -

Sharp instruments are often used in science and particularly in biology to cut sections -
through plant or animal tissue. These instruments which include scalpels and razor blades
are very sharp and obviously will also cut through your tissues. When using these it is
essential that you always cut away from your body and preferably on to a cutting board
of some type. It is also important to be very careful when carrying these instruments and
they also need to be placed on the workbench in a-safe place.

Sometimes certain chemicals when mixed together become explosive. An explosion is
caused by rapid expansion of gas in a confined space and can be very dangerous,
Sometimes it is important to ensure that the space is not confined and sometimes it is
important to conduct these are reactions behind a protective screen.

Your eyes are the most vulnerable and easily damaged external part of your body. This is
why they must be protected if you are using solids and liquids that could get into them.
Whenever you are heating things, using corrosive liquids and in other cases as instructed
by a teacher you should wear safety goggles. You should also do this if possible even if
you wear spectacles to correct. You should-also do this if possible even if you wear
spectacles to correct you should wear safety goggles your vision. In the event that
something gets in your eye anyway you should immediately make use of eyewash facility
in the laboratory as instructed and then notify your teacher.

A Portfolio of Investigations for 1.B. Chemistry. © Green. J. and Greig. D Australia 2001 9
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Sometimes it is necessary to protect your hands from heat, chemicals or other hazards

‘ and gloves will be made available. The type of glove needed will depend on the
\GLOVES particular hazard and your teacher will provide further advice. In some case you will be
advised to dispose of the gloves after use and in other cases to wash and dry them
carefully.

Some chemicals which are used in a laboratory are corrosive. This means that they can
react with and ‘eat away’ materials like the bench, your books, clothing and skin. It is
essential that you handle these materials which are usually liquids with care. Always tip
from the container with the label uppermost, never add water to concentrated acid and
never have your face anywhere near the container. It is usually advisable to wear
both safety goggles and gloves. If protective aprons are available you should also wear
one.

As a general rule 12 or 24 volt electrical appliances are unlikely to cause injury.

However ‘mains’ voltage (110V or 240V or higher) can cause serious injury or death.

The appliances you use should be regularly tested and certified safe. If you notice sparks

or smell insulation burning turn the power off and notify staff. Be particularly careful not
“to allow water to get into any appliance as it may cause a short circuit.

. Some chemicals are poisonous and should not be inhaled or ingested. It will be necessary
. to-use afume cupboard when using poisonous gases or volatile liquids. They could make
you very ill and you may require medical assistance It is vital that you listen to and -
follow instructions carefully and notify your teacher immediately if there is accidental
exposure to poisonous or toxic substances. -

Lasers are very-intense beams of light. They are capable of causing burns to.the skin and
permanent damage to the eyes. It is essential that these are only ever used under the
supervision of a teacher and in a situation where people can not see the beam directly or
when it is reflected from a shiny surface. Sunglasses or welding masks do not provide
sufficient protection and special ‘laser glasses’ must be used where there is a risk.

There are other dangers or hazards as well, for example carrying heavy or hot objects.
This may also include chemicals which are not poisonous but which may smell uripleasant
or irritate the skin. Whenever you see this icon more information will be provided in the
adjacent text.

DISCLAIMER

The author, editor and publisher wish to declare that whilst all care has been taken in the
preparation of these safety symbols, the advise above and their use in the Investigations, they can
accept no responsibility whatsoever for any damage to property or injury to any person as a result
of any accident or incident in the conduct of the activities in this book or other books in this series.

A Portfolio of Investigations for I.B. Chemistry. © Green. J. and Greig. D Australia 2001 10
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Date Name

Investigation 1°
' THE SEPARATION OF MIXTURES - A Revision Exercise

This is a simple practical exercise designed to familiarise you with the thought processes involved
in planning a practical.

ASSESSMENT

This practical will be assessed for Planning (a) on your answers to the planning section, for
Planning (b) on the method you propose and for Conclusion and Evaluation on your reflections
as to how well the method worked and ways in which it could be-improved.

Planning (@) |« Defining a problem or research question

* Relating the hypotheses or prediction to the research question

o Selecting relevant variables

Planning (b) | ¢ Designing a method with appropriate apparalus/inaterial_s

| * Designing a method for the control of the variables

e Designing a method for the collection of sufficient data

‘ ‘Cp_r'lcl_usidfl_f ;| o Stating a valid conclusion based on interpretation of results

| o Evaluating the procedure including limitations and errors

Evﬁi'uatibri;l e Suggesting a modified procedure to improve the investigation

PLANNING

The object of this practical is to separate a mixture, comprising 5g each of two finely divided
solids, making use of the fact that one is soluble in a particular solvent where as the other is

insoluble in that solvent. Bearing this in mind you need to select from the list of avallable matenals
' prov1ded by your teacher:

Solid A _ SolidB Solvent

Describe in outline what you propose to do and how you expect to be able to separate the mixture
“to give the two pure components, explaining the principles upon which this depends.

...............................................................................................................
....................................................................................................................
DR T N LR R R R L R R R R R R P R R R R
...................................................................................................................
...................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 1 SEPARATION OF MIXTURES

How much solvent will you use? ' cm’

. What would be the problem with using too little?

3. Will it be pbssible to tell during the course of the practical whether you have too much or too

little solvent?

D R L R R R R R N R R R T R R P S Y tesean ceses

asceeesstscnsarrrresrasanns tessecasans “esssrranaacsns vessssensnanenn secsessseseccnns sessene tessreesstsccsarans
, ~

aceens R I R T e L P R L B R R YRR RNy sevscuns vees

4. What technique will you use to separate the solid from the solution and why is this preferable

to the alternatives?

5. Are there any precautions you will take to ensure that the insoluble solid is not contaminated

with the soluble one?

cessvettcsasarne PR R R R R L LR LT tessvssesssncssne R e Y R R T NY sesesnevas
...... R S R R R R R R e R LR R R R R P R Y TR T

D R R R R R R R R R Y RN Ssssecsseenase tes0sscasssnssss s tie e ‘asene

6. How will you recover the soluble solid from the solution? Are there any precautions

necessary?

cvesenass ervssecssssasssses 4etscsssssraseravanass sasssssnes ceaseoe L R R P R R ) -........4.........--...
P R R R L LA E TR secessssssenan sesestesasesssctanaarsresssnsoseny teeteerssvessnnnuy .e can
secsessericssasts et ranans srsessrens ..'..-..-..-..---.----...,...-........-------o--.....‘..........-u.......u
....... L R L R T R S R R R R LR
Seerssstetessssaarrenrrsvensras terevarraracseersrrsanaiscienaansa veesssirceccvrnan veserensvesevrvarse csevene
sesnseas vesdensatsreesvaan 4sesacasrrsvenessunes tensreenee Serreceresrsrnaasecace sesnae Pevearsees Pesever s esonan
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Investigation 1 SEPARATION OF MIXTURES

METHOD , , '
Weigh out accurately about Sg of Solid A and record it’s mass. Repeat this for Solid B. Put both
solids into a test tube and shake it to thoroughly mix them.

Now, referring back to your answers in the planning section, write a detailed method (giving the
precise piece of apparatus to use, the amounts of substances required etc.) to separate the
mixture. : :

........... D L R R I I I R R R R I T AP RPN
............................................................................................. fesesesenvtssanenntne
............... S L L R R T R L R R RS
........................ D L e LR L R R R Y R L T
.............................. R T T T O e R R R L K L R R Ry
ttessencenn tesrcecasresesscans Pesssescs erserssssecavsrenns Geesseetcostr s o ritare st e e astacans asessrecacsracnrren
vescana “veceemsnscarssseassnanse sersasscse tavesessassscssenccoane Veveseanrsessenssanas P R R R LR X T T I ey
temiacsesennan tessranes “sesarstessarees bressevesarravrieann tresesrnaa Csessvesscssescssressans tasesrersncasinas sesee
semcens dtsseasreraaciasasrsrevseane ceeseres 4esevearsrsccnsanans esecsrereertsnan assesesasacssns sessreasassen cervase ve
sseveea R R R R PR csveses ssssasacas sessrcaca trsavscanse R AL AL I R terestecaarannes ren
sevensasanesassssrenssane ecesssesessseacccncanes seseseuvovarrsoctssanvanesn sevsecea asesrecrensanae R T ]
N R R R N N R L L R L T R P P R P R P R TR P R R D N R R R O N P
seescassanesa asecessarresevane “esstscsennscanas csavsvenas P R TR R 4eecsnasrecacacvacnse seecsacsvesran
cessscssrnsans R R L R R P 4eeassansssesescccas evsssssrsverencnns fetasecsuassensinsasrstrssntrenve
...... R I I N I O OO O T Y R B R R R R R T

Weigh accurately the amount of solid A recovered and record this in the space below. |

Repeat for Solid B.

DATA COLLECTION ,
Initial mass g - Finalmass . g

Solid A

Solid B

Other observations

tevesssecrasraeenae cessens carsssenenr teerssasencsraons ararevenna seearans tenerraearessasessranasuens seteceianans eree
....... L R L R R R R R T R R R R R R R N R R
“seersssssiasesarstsncans sesennadae PR R TR RN trasrescacss svsrseas sesatiranerernan aesarrevae tersanens esveceran.
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_ ‘ investigation 1 SEPARATION OF MIXTURES
DATA ANALYSIS and EVALUATION

Calculate the percent of both Solid A and Solid B that were reéovered.

How might you modify your method to give better yields of the separated solids?
Could your proposal have any undesirable consequences?
seesmresanstrrr e L R R L R R R R R R I Y R R R R N Y P R A R R R R XTI ehena
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Date _ ___ Name

This is an exercise in plannmg and in preparatlve chemxstry The ObjCCthC is to devise a method
to produce a high yield of a pure salt from the reaction of an insoluble metal, metal oxide or metal
carbonate, with an acid and then to put this into practice.

ASSESSMENT
This practical will be assessed for Planning (b) on the practicability of the method you suggest,

Conclusion and Evaluation on your assessment of its success and suggestions for improvement
and Manipulative Skills on how well you carry this out in practice.

Designing a method with appropriate apparatuslma{erials

Designing a method for the control of the variables

Designing a method for the collection of sufficient data

Stating a valid conclusion based on interpretation of results

Evaluating the procedure including limitations and errors

Suggesting a mwiﬂegprmwuré to improve the investigation

Using techniques and equipment in-a safe manner

Following instructions accurately and thoughtfully

METHOD

You will have to write your.own method overleaf giving full practical details of amounts,

concentrations, times apparatus to be used etc. Some of the questions that you will have to ask

yourself are:

1. What salt am I going to make-and therefore which acid shall I use?

2. Would it be best to use the metal, its oxide or its carbonate?

3. If one reagent is going to be in excess, which will be easier to separate from the product? [A
reasonable excess of one reagent is often preferable as otherwise the reaction rate can
become very slow when almost all of both reagents are consumed. ]

4. 'What concentration of acid should I use? How should I safely dilute the acid provided?

[Concentrated acids are dangerous and may react at an undesirably fast rate, very dilute acids

will be bulky and will react very slowly.] :

What quantities of reagents should I use (remembering the excess)?

How should I measure the reagents out - what is an appropriate degree of precision?

What type of vessel should I react them together in? What size?

How will I know if the reaction is occurring at a reasonable rate?

What will I do if the reaction rate is too fast/too slow?

10. How will I know when the reaction is complete, i.e. all the limiting reagent is consumed?

11. How will I separate off the excess reagent?

12. How will I obtain the soluble salt from the solution?

13. What vessel should this be done in? What size?

14. How will I know when enough water has been removed? [Too little water and impurities may
also crystallise, overheating may result in decomposition of the salt and in some cases, the
salt may not be able to form its crystalline hydrate. Too much water and few, if any crystals
will form. ]

15. How will I remove the product and calculate the yield?

0 00 N o
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Investigation 2 PREPARATION OF A SALT

16. Is there any way to assess the purity of the product?

METHOD

Bearing the above questions in mind, write your Method in this space.

R R T R PR R aveasan PR seasenense cresaen vesecsecasues ssacscssessce teedssenscesesncen vees aavsvrsen
................. R R T R R LR L R R e R L L X R S A
....... R R e R R R L R R I R R R R R L X X LI T U
....................... R R R R T R R R L R R T T ]
csescasersnne PR R R R TR R vessssesesrensrsnenne PR R R R R R R ssssen crasraeca
............ R R R R I N R T R Y
........................ R I I O O O R I O N e L R R L R L R R R I I
....... R R R R I I N O T T O e R L R L R L T T R T o
P R LR LR R sesvan deresecassersas 2ecasenn erercrsnaane sesacs seesressesane srescscssrassienesn trecnentare
................ DR R R L R R R R A R R R L R R Y I Ry
................ R R R R e R L R R R R L R R T R P N
------------ P R R O R R R R R R R N X
....... R R R N O R e R R R R R R R T
..................................... R R R T T N R R s
P I L R R R T R R ttesseresnerseentenn tseesnvus sessssessersnans savirrasassens
..... D L T R R L R R R N N e R R R R TR R R PR ST
..... R R R R R R R R R O R R R R L L L R R Dy PP
sececnsane secrrecsenssecnren essasttesresauessrtirssetsssastsascesrrnne “sserasens sesesee sesscsnvene sesens sesesenne
cereesees seeseavee seesacna I R L R R R ) teresersrrenans deccarsas Yreaacaes cea
desacstesrrasrerisststettananns sersscassvseseansnae sesesessass seseane sveceressresranan vreesernovave cseran svssssen
vessesrrrrsasene sressvesmsaeae Ceeavens vessecenana Grevrsssscvsssseestenrana sesercencasans sesesssesererosetsrnana sane
........... R R R R R I N O O N T T e e O S O
meesessssssrtesnsssricens “eesaccrsrietsrrersorarsnsran seesrrsencarrn R R R R R R R R N A R
ersenaen sesessenas sesenace vesesesesctanrans ceseeseans R L R R R A R I R R TR ersesene
sevecane sessava vsestreesecr st sas et avse by R L R LR aerrvssaaven 4secsnsenccnan “es
seasanestssenns ssesncane seereavan Paessssesrestaretarorestestesseseasr st en s “cscessesresecssssesne secene seesvance
sectecan taeverrarrseneeneans Mesestrestrarerasesssecnsenvsaonarinat teessssrreseaniercnanan secsarstssesersnes teesae seve
....... DR R R R R R R R I R T I N T N T R R T
sseseossasenane ssesceevencny tesreresrrerenansesane sssevesvantensen sesevencan saresssecrtnnresecroane sresiecersrens
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Investigation 2 PREPARATION OF A SALT

DATA COLLECTION
Mass of solid reagent used

]
el

Mass of final product

I

g

Volume of acid used = cm’
Concentration of acid used = mol dm?

Observations during the course of the reaction:

............................ R R R Y B R R R R R R R L T T Y T Y R I T v era
bessesascssassaanes sacevsesarressascaseavessan Geerevecsissresanssonan sesesscssernany B R R R
R R R N L R T LR R L sesesrvecaerscnseseussn srssscsretracacane teessensae sereesn esectsrssarer e
DR R R Y treerscea secarecsanse seesssscecans seeressssee dasecsons serson sasssersonne 4eessscesrrecoane sesesece
...... F I S S L T R R R R R R I,

craeree srecacsvscnas beesesann erseescunatasrsrene seessessscsatrrenrnne #mersseeacsaraastsstvareaannans 4rseecvan seee
Seecerassesarssant et arenses et tanane sennen seesisesrerecsstanescs s R R R R R T P taevsaanans “esscsnare
................. S amceasaneseseterssssistntastotsnrsssorssiasoecrosonsosserissoinasertstatonasstrrsniassstrsntnssoibian
..... R R I I I T O L N N P S P
....... P R R R N I T O e R R R R T
sesresnanns teesesacen sevecsecssresaen sanscsessasaarana PR T R X L LR R T T R sesesnse seves
esestessresecrrnacnan vesesrosan “resrvnaces seesssananee seceascanaarse R e R R TR IEERERR R tecsossenresy
....... P R S LR L R L R I O N I S L R O S I
..... L L R O R L R R
........ R R R I I D N D O N I O O T T

DATA ANALYSIS and EVALUATION
a) What was the maximum possible mass of product you could obtain, based on the amount
of limiting reagent taken? What percentage of this did you attain?

b) Do you have any evidence regarding the purity of your product?
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Investigation 2 PREPARATION OF A SALT
c) What parts of your practical do you think limited
(i) the yield of product?

----- R R O O R R R R T R T TS
.......................... R R L R L R R T L R R
....... R R R O R O R R R R

B R R R R L R R LR R R reeensaann D R R I, e
................ P R L R R R R R R R R R R T T R R )
ceerssstasannscnn veevaas 4eeseserecceanss teeraccsans D R R R svsveesersiecccas vecesrcsrensene

d) In what way do you think you could improve on your procedure, or the clarity of your

practical instructions, if you were to repeat this investigation?

.................................................................................... reeatetreietaiieniaiaarateas
........... e h e eeaeeetaeieseaeae e e rerntaeas setesettstasaatesa e tarressbetae ety aaaraaseansenens
............................. bt ieeseeaeeetteetarearaer e abaaa e reeser st ettt aaeatasattastabeeatanas
e ereraee e eieiraaaaas Cereteeriaanens e tennereeseereanetanetanesarartaer et etaetasrenrrerrenans ceeas
........................................................................ e ieeeenieratt st eeherer i eaaaaas
.......................... N
...................... e es e e easeu s ae e e st e etstraenae e e atet taear st e arae s rneatrrsnneare
.................................... h e et terebetatehe e et et e et e e a e e e rare e arrareraaaas
e ereeerteenie e iaeaaare i B e ereseiieeiraeeteeeiaraeenearraaaas Cereeieieaaaas
et reeaneente ettt eriaaaas Ceerereretiiraiias cerereaes Cerireeeanns Crereeearesireneraritaasnaanes
..................................................... E e e tesestatestatttaietetatateearat et aaeesaaerstaeesaeans
e reetereneeriiraierataaaairas et et e tatettuceraiae e et ea e riaetasrareaearanrrnnas Ciemereeceiiiiiieaens
e eeeibeeraieriieiiessesaiiaeaas B RN Cereerarereneeas Cereireeaanes ceenen ceesenbietsiereiiraconas
beerereeeeniaeas reeieeeeriaes N peerneeees cavees NN crereveraeanans e cerenaaas
..................... et ea et aeaaesiea et ettt et earaaaas i eanas e eaaes et s e e et reeenesatererrhsaraan
Hereerecraissttaantravenes e, cerereereieenniraes cevanenes D Cerreaenaes .
..... t e e et e b eeaeeieieateareehai ee e st e e e s et et et te s ee e e s a s ea sttt a e ee e rrrs
...................................... e et rereeaereenater et rrener s tarstreasarieeibeetetasatertiastaitaarrerens
eeeeteerneesaratiearaesaeitisisiesaaeas N Cereeeniaaens reeieaeaaes veeees feeaien cieeeees
Ceereraretaianis Ceteetesererarieiiaeeas frererereriareaaes Cerebeerneenas Ceeeeianeeraeriiereiaaraan, reenans
ceeiaens e et emeeeenesenaeteatitetisaae s e e teeetatteaietttaaatteerenaarans veeaes Ceveeeeines Cerererrecennienn
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Date _  _ Name

You will prepare three different gases and each member of the group should carry out at least one of
the preparations. The purpose of the experiment is to familiarise yourself with some of the most
common gases encountered in chemistry, a simple preparation method for each and a test to identify
them.

ASSESSMENT
This practical will be assessed for Data Collection on the accuracy of the observations that you
make during the practical.

Collecting and recording appropriate raw data

Presenting raw data allowing easy interpretation

METHODS
Warnings Use protective equipment m!%
and take care Goves
Hydrogen

1. Put a few pieces of magnesium ribbon into a test tube and then add dilute hydrochloric acid to % fill
the test tube.

2. Test the gas evolved with moist red litmus paper and moist blue litmus paper.

3. Take a lighted splint, put your thumb over the end of the test tube to contain the gas for a few
seconds and then insert the splint.

4. Repeat this using a glowing splint rather than a lighted splint.

Oxygen

1. Put about Y4 spatula of manganese (IV) oxide into a test tube.

2. Add 1 mol dm” aqueous hydrogen peroxide to give a depth of ~1 cm.

3. Test the gas evolved with moist red litmus paper and moist blue litmus paper.

4. Test the gas inserting first a lighted and then a glowing splint into the mouth of the test tube.

Carbon dioxide

. Put a few marble chips into the bottom of a test tube and then Y fill it with dilute nitric acid.

Test the gas evolved with moist red litmus paper and moist blue litmus paper.

. Test the gas with both a lighted and a glowing splint, as above.

. In a boiling tube put about a 1 cm depth of “limewater” (saturated agueous calcium hydroxide).

. Keeping the boiling tube vertical, put the mouth of the test tube over that of the boiling tube and tilt
it a little, but not so much that any acid pours out.

. Shake the boiling tube and observe the limewater.

7. Bubble carbon dioxide from a cylinder through the limewater and observe.

8. Finally heat up the boiling tube of limewater with a Bunsen burner.

R T

=,

If time allows, place a few marble chips in two more test tubes and add dilute hydrochloric acid to one
and dilute sulfuric acid to the other.
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Investigation 3 PREPARATION AND PROPERTIES OF COMMON GASES (\A

DATA COLLECTION and ANALYSIS L
a) Record as accurately as possible what you observed when the hydrochloric acid was added to e

the magnesium. Apart from things you saw, were there any other changes that you noticed?

assssevessenae aserevrsansses seeessesrsracaana seesarerne sessssnns Persasesavasans cesecve Cesssessosese tesesanes ..
3
N
teestsracenveoranana tsecnsnoe R RN rreryryee evserescscns tesane seecons ssseresasecastanas sesens
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b) What occurred when the lighted splint was put into the gas? What about the glowing splint?
Can you explain this?
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d) Could anything else have been used to replace

(i) the magnesium?

(iif) How else might these changes have affected the reaction? Explain.

seveeess seessascersssrrens DETRRY R e R N Geeraserteerritacesretatar Nt saritoasasretsarata sesessecren

e O 0 O O 60000 O
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Investigation 3 PREPARATION AND PROPERTIES OF COMMON GASES

) What happened when the lighted and glowing splints were inserted into the gas evolved? Can
you explain why this occurred?

----------------- P R R T R N I R R R R R R R T
4esenasee seveseses seeseosaan ereceans sarscscsranseane tecrstusererasosnaacnes evsrvsecaseaacarean sesasiesreaenn 3
PR PRI tevecen svessan secrrssrsssnrans escnrens teaasesesae sesesecesve teacestersacnnes ceaasesener . seesenee

seesesscscsesescsane vevreececnrannos tacstereserenen “ecesaerreccacss cseeae avsscnce eevenne searenses teseveessansenss
deserasvsssesnanna sessecsasaen cserervecssan secves verrressarcrcanse sesacene vessreseureesesana “svsrrrerersacssa ve
....... R R R T T O N R R R T R O L L R L R N R R R R R I P P Y

tvsenceeans
Beesesessecnanstsetsar et ne st ennnn IERERENS seasencases 4sessectoascresrrens sreesses vearsavan seccsavacas RS
cecsrves seseccnscnn “sessssesanan sssiesrsarrenssscnaacsnne sseecane sesrsoussncsonan tasseena teessoaa seeerans ssssens
....... R R I NN O T R R R R R T R RN T

secsvee secvssssrteannns Gt eserassevsnrersrrase s et s Lemeossneeasscasen sresscasn 4essercsssacesnssn coseene tarerrensn
....... P N R I O T e
..... R R R N T e B L R R R E R R R R T WM

) Describe the changes that occurred in the appearance of the limewater at the various stages of

the reactions involving it.

e e, s e e

s e et e ettt
...........
..........
.............................
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Investigation 3 PREPARATION AND PROPERTIES OF COMMON GASES

m) Explain these changes giving appropriate balanced equations.

..... S I R R Y R R R R A N A L
......... S T T R L R T I N L L R I
.............. R R R L R AP AP
................. [ P R T R R G e L R R R R R R L X T S A
ceresvevene tessee esesicsan Gsersassressetsaseves ssesvacasse veevarean teessssenane R R R L L teeessesenn
ssscevssrvscsversesonene besersrccssan secseons sseane vesesaanaes seesseane R LR R R R i A aee
caerccesnses sresessesaons teesresssene 4esscecsareescsncans seenaarsccane 4xeresserestccnnas R R LR T
....................... R R I T I R B N I

......................... R D L R R R I

n) Describe the ways in which the reactions with hydrochloric acid and sulfuric acid were similar
to, and the ways in which they differed from that with nitric acid. How could you account for
the similarities and differences? -

R R R Y R IR svesoeve R L R N O L L LR R T R R R e
........ R R R R O R R LR R R R R R I R S L L T R R R R
........................... R R R R R R R R R R I L I AP P Y
vesnee secrsrnsssnsne tessacosssaresecnse R R R L R O R P davesescisnsnncsns Cerascessrnraanas cone
....... P T T T T T R L I T Ty
..... B R R I R R R R I B R R L R R R I T T T T O
esessersacerenes sectsasvseasenre Gsererectasrsrestonensntssrersna secseveavesn seesssvesnrsses tesrasecetstianaans oo
srseccccesarersrvetonane “escsenrans tresssecsersscersiarsnasnn D R R N YT tesrescransan casee
secevenanes sevesscene verevaseran sessesvevervensens sesrrve seerectsvensteccrrrnn aseseanes tesersevenee D R T

0) Record the reactions of the different gases with the different colour litmus paper and the
splints, both glowing and lit, in a suitable manner.

esevserasversrrssoasans P L R R R seveesescas esasrsnces R T T R PRI I vesevavana
sesenves tessenane ascesssena trsessesnsesvaose 4esreecsscssssrrrane secrecnsnnn srseecaane arevenes B R R T X
....... R R R R R R R R R R R A LR R R R R R R R T R R T
..... R R R N N I O R T L L R T YT I I
seevesrecsieas 4rseesansiascestarenns eressscvnsan TR TR RY sessssnes tesssvssmssae seesesccana sevsese dessevsses
P ewertseseresetsovosresrassauaacans secrsecsenes tessesscactrrevenen Seesserereessases Pesrssens e
veesrerecestasrree sresesnan P s erssnanses Crssaseenes IEEEEE) serescesenvare seseestrersctdtnsrtrrecorrrens
......... D R R T T R R T R R R R e R L R R L R L R X T auparepa
avenans seeanene “esseessaerae teserescevrosranae R R R TR I tersenarss drresene tessteses vesemtinasoean sen
“esevssansarans ssessesscscesncannn teerassssrrenne D R R T 4esecsssssrenns tore s seesces
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Date Name

This practical is designed familiarise you with the technique of recrystallisation, which is
frequently used to purify compounds, especially organic compounds.

ASSESSMENT

This practical will be assessed for Manipulative Skills on the amount of your product and its
quality, as assessed by the colour and dryness. It will also be assessed for Conclusion and
Evaluation on your assessment of the practical method used, factors that limited its success and
ways in which you could have improved the amount and quality of your product.

» Using techniques and equipment in a safe manner

» Following instructions accurately and thoughtfully

e Stating a valid conclusion based on interpretation of results

¢ Evaluating the procedure including limitations and errors

» Suggesting a modified procedure to improve the investigation

METHOD
In this technique a solvent is chosen in which the solubility of the desired compound increases
with temperature. The impure compound is dissolved in a small volume of the hot solvent and

any insoluble impurities filtered off. The hot solution is then allowed to slowly cool and the
compound will crystallise out (hopefully!), leaving soluble impurities in solution. (The slower the -
formation of crystals the purer the product.) The crystals can then be filtered off, preferably by .
suction filtration, and a final rinse with a little cold solvent removes the last traces of impurity
before drying the product.

**x*¥Remember - recrystallisation is an art, not a science! ****

1 Take your sample of the impure organic compound, weigh it and dissolve it completely in hot
water in a conical flask. You will need to find the correct amount by trial and error - start with
about 10 cm’ of water and heat it up to about its boiling point for a minute or two, but do not
boil vigorously. If the soluble components of the mixture have not all dissolved, then add a
little more water and heat again. Repeat this, until you have a hot concentrated solution, but if
it is too concentrated you may have problemns in the next stage!

2 Filter off any insoluble impurities. This must be done rapidly so as to prevent crystals forming
in the funnel. This will be a particular problem if you have too little solvent. Using a fluted
filter paper will help rapid filtration. Collect the filtrate in a clean conical flask.

3 If crystals start to form, rehedt the solution until they redissolve and then place it on one side
to cool slowly. If the crystallisation is still too rapid or complete you may want to add a little
more solvent and heat the mixture up again. While you are waiting, set up the apparatus for
suction filtration.

4 When the solution has cooled sufficiently, filter off the product using suction filtration and then
rinse the crystals with a little cold water.

5 Leave air being sucked through your product in the funnel until the product is dry - spreading
it out evenly over the filter paper with a spatula will help speed up the process.

6 When the crystals are dry, transfer them to a weighed vial and record the yield. Stopper the
vial, label it and hand it in for inspection.
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Investigation 4 PURIFYING A SUBSTANCE BY RECRYSTALLISATION

DATA COLLECTION

Mixture Product
Mass of container and product =_ g =_ g
Mass of container =__ g =_ g
Mass of solid =__ g =______ g

DATA ANALYSIS and EVALUATION
a) Calculate your yield as a percentage of the mass of mixture taken and enter below.

..................................................................................................................

..................................................................................................................

Percentage yield of recrystallised product = %
b) How would you try and solve the following potential problems?

(i) When you cool the solution, the whole mixture turns solid, rather than crystals separating.

..................................................................................................................
...................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
R R R R R R R R R R
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 4 PURIFYING A SUBSTANCE BY RECAYSTALLISATION
¢) There are a number of places in the technique where yield must be balanced against purity.

Identify some of these and explain the dilemma.

. P R R R R R N R LR At s eersacsesraneatesrseasttnaanannse teseseseasanens sscersvasssrmnanne .e
............. L T L R LR N O R R R R R
sesenes seessteracrsetbenrarasans Geesrcscnsesen tsssesvenecans vesesans teestsrvesarssessetssnane beesse cesestatacennne .w
seesccnasn sesveantsansasatannns EERRTRN O svarracs Pesevaraaans cevesase R R LR R L R R T S, setecerssaen
sesrmreesessena seseasrcsanas sesesnns 4sascccssrrans setasernsesscasvesestnrerns senenn sesssrsesars senesas srerenan seeve
sssesrcesrsosrescanse R R ) secrssrecrnnen sesreanscsn saseroae tsassecancs essssnsrssnanne sresseenas reavenaorey
Aessecarsanees Crerastveanens “sesersesesmnasesesassisnssssenen sesssearraans secssasae seeene desesseces tseasseancenncan
...... P R R N O L R R R e R ALY

d) A fluted filter paper and suction filtration are both techniques that are useful in recrystallisation.
Explain how these work as well as the advantages and disadvantages of each.
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Date Name

ONS

This Investigation is in two parts. In the first part, you will familiarise yourself with reactions that
are useful to identify common anions and cations. In the second part you will be test some
unknown substances to try and identify the ions present in them.

ASSESSMENT
This practical will be assessed for Data Collection on the observations you make and Data
Processing and Presentation on the conclusions you draw about the unknown substances.

s Collecting and recording appropriate raw data

» Presenting raw data allowing easy interpretation

* Processing raw data correctly

» Presenting processed data appropriately

Warnings Some of these chemicals are hazardous ‘ 0
and you should wear protective clothing and take care i\

Part A \

GLOVES
METHOD, DATA COLLECTION and ANALYSIS
For-each test record what changes were observed and the explanation for these, including relevant
equations.

NCO

GOGGLES

Carbonate
Put a small amount of the substance in a test tube. Add dilute nitric acid a little at a time and test

any gas evolved with limewater.
Observation

..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

Sulphate

Put about a 1 cm depth of the solution in a test tube and add an equal volume of dilute nitric acid.
Now add a few drops of aqueous barium chloride or barium nitrate.

Observation
Explanation
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Investigation 5 TESTS FOR ANIONS AND CATIONS

Chloride

Put about a 1 cm depth of the solution in a test tube and add an equal volume of dilute nitric acid.
Now add a few drops of aqueous silver nitrate.

Observation
Explanation
Magnesium

Put about a ¥2 cm depth of the solution in a test tube and add a few drops of aqueous sodium
hydroxide. Next add more aqueous sodium hydroxide to a depth of about 3 cm and stir.
Observation

....................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

Aluminium

Put about a ¥2 cm depth of the solution in a test tube and add a few drops of aqueous sodium
hydroxide. Next add more aqueous sodium hydroxide to a depth of about 3 cm and stir.
Observation

R L R N D L R e R R L R R R R R TR R

..................................................................................................................

..................................................................................................................

Iron(ll)

Put about a ¥4 cm depth of the solution in a test tube and add a few drops of aqueous sodium
hydroxide. Next add more aqueous sodium hydroxide to a depth of about 3 cm and stir.
Observation

..................................................................................................................

..................................................................................................................
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Investigation 5 TESTS FOR ANIONS AND CATIONS

Explanation

..................................................................................................................

..................................................................................................................

Iron(lll)

Put about a ¥2 cm depth of the solution in a test tube and add a few drops of aqueous sodium
hydroxide. Next add more aqueous sodium hydroxide to a depth of about 3 cm and stir.
Observation:

..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

Copper

Put about a ¥2 cm depth of the solution in a test tube and add a few drops of aqueous sodium
hydroxide. Next add more aqueous sodium hydroxide to a depth of about 3 cm and stir.
Observation:

..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

Silver.

Put about a ¥2 cm depth of the solution in a test tube and add a few drops of aqueous sodium
hydroxide. Next add more aqueous sodium hydroxide to a depth of about 3 cm and stir.
Observation:

..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 5 TESTS FOR ANIONS AND CATIONS

Part B

In this part of the practical you will be given various solids, labelled with letters. Each is a salt
that contains one anion and one cation from those investigated in Part A.

Dissolve a little of your solid in water (about 1 spatula full in 25 cm® of distilled water in a
100 cm’ beaker) and use this solution to test for the ions. If it does not dissolve in water, add
dilute nitric acid, noting any reaction, and then use this solution for the tests, remembering that it

will require significantly more aqueous sodium hydroxide to form a precipitate than an aqueous
solution would.

For each substance write down the reactions that you do ("Test"), what happens ("Observation™)

and what it tells you about the substance ("Inference") and from these identify the anion and
cation present.

Substance ___ Anion - - Cation -

Test ) | Observation Inference
Substance __ ~Anion - , , ~ Cation -

Test Observation Inference
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Investigation 5 TESTS FOR ANIONS AND CATIONS

Substance __ Anion - Cation -

Test Observation Inference
Substance ___ Anion - Cation -

Test Observation Inference
Substance Anion - Cation -

Test Observation Inference
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Date ____ _ _ Name

.~ DETERMINING THE WATER OF CRYSTALLISATION - . .
In this practical you will determine the number of moles of water of crystallisation in crystals of a
hydrated salt by heating it to constant mass in a crucible.

ASSESSMENT

This practical will be assessed for Data Processing and Presentation on the accuracy with which
you compute the final result from your experimental data, as well as for Conclusion and
Evaluation on your assessment of your results and possible errors in the method used and
suggestions for improvements.

Processing raw data correctly

Presenting processed data appropriately

Stating a valid conclusion based on interpretation of results

Evaluating the procedure including limitations and errors

Suggesting a modified procedure to improve the investigation

Warnings Some of these chemicals are hazardous and you should wear
protective clothing and take care

19,8
DGGLES
METHOD

1) Weigh an empty crucible with its lid and record the result as accurately as possible below. -

2) Approximately one-third fill the crucible with crystals of the salt that you have been assigned, -
replace the lid and then reweigh.

3) Heat the crucible strongly on a pipeclay triangle for about ten minutes and then leave it to N
cool.

4) When it is cool enough to hold in your hand, reweigh it.
5) Heat for a further five minute, again leave to cool and reweigh.

6) Repeat 5) until there is no further loss in weight.
DATA COLLECTION

Mass of empty crucible and lid = + g
Mass of crucible, lid and hydrated salt = + g
Mass of crucible and salt after first heating = + g
Mass of crucible and salt after second heating = + g
Mass of crucible and salt after third heating = + g
Mass of crucible and salt after fourth heating = + g
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Investigation 6 DETERMINING WATER OF CRYSTALLISATION

DATA ANALYSIS and EVALUATION
a) Calculate the mass, and hence the number of moles, of anhydrous salt that remained, using
the molar mass of the anhydrous salt you used.

..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

...................................................................................................................

..................................................................................................................

d) The number of moles should be an integer. Bearing this in mind, what was the formula of the
hydrated salt?

...................................................................................................................

....................................................................................................................

e) What was the precision of your weighings? Use this to calculate the possible error that this
introduces into your estimate of the moles of water of crystallisation.

..................................................................................................................
..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

g) If your result was greater than the accepted result, what experimental errors could be the
cause of this?

..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 6 DETERMINING WATER OF CRYSTALLISATION

h) Why was the crucible cooled before weighing?

cescsnsae
fesesecsvseses resanvran

R R R N R L L R R R TR taesssrecascsrcesoaron D R T R R W S I O N

i)  After the crucible is cool, the weighing should be carried out as rapidly as possible. ~ Why is
this?

trescsens

cavesene
treracen 4seeseasavasen tesescacns tecaseaee seracrecns seeecnccrons tececvecsoenns veesesssassascnsronnen 4evesssnrnetrenn
................... P R R R RN R R R S R T T T N S I I N W TP S S

k) In what ways could you suggest changing the technique used in order to significantly improve
the accuracy of the result?

Gesevsserrsensssene “eetesncnasncsactretrat sttt osans R R R R LR R LR 4eeseserossessee tesesecana
PR R R RPN Arsserecsrressae essrcssessensane crsrene vuesesescccsanne tetasecaresesoscccnn seescsrecee sestersacasrevens
....... R R R R N LR R R R R R R R P R LR LR R T R R R PP AP R PP

....... P R R O T R R R P A I YR A
sesesceranee teesscsenssesenna tescsacnse Wesssscessstrosacvecas Seetesssecressascersracear ettt et arses sy vesen
ceveessenese fesensersrstansns tnaees secasees tcassescceans sresesracene PR E R R Ry tessrrteurasecsetaene voe

) This technique cannot be used to determine the water of crystallisation present in all salts.
Why might a particular-salt be unsuitable? Give some specific examples if you can.
Have you any suggestions of how it could be determined in these cases?

......... P R R R R R N R R L R R P R Y
cecescarcace tresedssssacrercanse srsecrneseias seesassesns tesresesescansesns R R R R R N AP S A Y Voo
S4rsesenresecanse erssesenee vesasecans tasresnesnen seascanascstierren D R R R R R RN R I PN,
..... R R R T O R R R R R N R R R R L R Y
Vererevatas tasecrseans teesssraes teveros tresseseraseces R R LR R seetresarsesurescesrev i arn tresans veue
fastesestesrannerens Getresersrscceay sesrsesersaas 4eescrsesereasrraan ereesrensserserses serses reasee sessan teeosrncen
sassssseeretssesanases teserrrsnssesnnen teerenrossesene srecsrresesasaene sreceanes seeasnee 4reassssnsecere sesssrerans
seessverresscssnene 4essstenssserasstsaarsnnssrens seseersea trecersensas IEEEEEES sresassnans Asstraserane srrrevravecen
saaes vssvavesssasersanrrana eeresrsasrrestenet sttt o mtaananae teetanans arsens dersvsssesssrcsne serscesmsesnrinans veess
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Date _ _ __  Name

Commercial copper carbonate is actually a mixture of copper carbonate and copper hydroxide.
Both of these decompose on heating to form copper oxide. If commercial copper carbonate is
heated to constant mass, the proportions of the carbonate and hydroxide may be calculated from
the loss in mass.

ASSESSMENT
This practical will be assessed for Manipulative Skills, on the accuracy of your results and on the

skill displayed in handling the apparatus.

¢ Using techniques and equipment in a safe manner

»__Following instructions accurately and thoughtfuily

Warnings Some of these chemicals and techniques are hazardous and should
be used with care

METHOD
1) Weigh an empty crucible with its lid and record the result below as accurately as possible.

2) Approximately one-third fill the crucible with copper carbonate, replace the lid and then -
reweigh.

3) Heat the crucible strongly on a pipeclay triangle for about ten minutes and then leave it to
cool.

4) When it is cool enough to hold in your hand, reweigh it.
5) Heat for a further five minute, again leave to cool and reweigh.

6) Repeat 5) until there is no further loss in weight.

DATA COLLECTION

Mass of empty crucible and lid = + g

Mass of crucible, lid and carbonate = + g

Mass of crucible after first heating = * g

Mass of crucible after second heating = + g

Mass of crucible after third heating = + g

Mass of crucible after fourth heating = + g
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Investigation 7 DETERMINING THE COMPOSITION OF COPFER NITRATE

DATA ANALYSIS and EVALUATION
a) Calculate the mass loss that would have occurred if the solid had been pure copper carbonate.

meserssee
......................... R R R T I R R S S A S
.................... P R T R R R R R R R R R T LR I G
sasenssiasn serressarses Arssassersintes B R R Y A R R PR TR T PR Cresvressssrtencan cosn
...... P R T I R D L R R R R e R R R R T

b) Calculate the mass loss that would have occurred if the solid had been pure copper
hydroxide.

.............. P R R R L R R R L R R R L R IR
cescavarvens srevcsssesacae sesssreesesns vrecense sssrecenssseses “ssserveresctrenas severscsnccarevese D R R RPN
Nesresscsssecenans Secasssnssrverirseatanesrraastrsraasaans srsracenn D R R R R L R TR T R R
................ R R R R R I N R N R R R R R R R I N R R R R N
....... R R N R T T T R O R R I S S

¢) Calculate the weight loss that you actually observed - hopefully it is between the two figures
that you calculated in-a) and b).

d) If the substance was x% copper carbonate, calculate the weight loss that-you would expect
and then solve for x by equating this to the observed weight loss.

essesroave seeesvunn
sesissssesna P R R R R T N R TR vearen Geeresrsoaasesccsnoan 4sesesecarsseanseres vesace
aresescecens Gesevrasssrcaaarsveonsns assenevrensessnrean Bessesesessrsasassssvenane seeeseserstessnacnrsstacsene saecvae .
cesansesns tecsersrisas seenasens teesene testescsansane vreeccnns sessserenaee srearsevensan ssrssvenen sacssacarsrsrcnana
reesecacran sevesessa veeserecnsssans estescsssccssresasresenss sessecnreensttnae caesreae IERRRET R teesrrreantana cseree
PR R R R R R R LR R R sesren worsesnaa seeanan sesetanatarsscines seevenna tecesiesoe

...... sesecs
sessasanen Peesssatssanan sesasencaasnnae trdtrtataacnsannesaranan aeseamasans “reseretranee drersevsssaa tessesernrans caes
................... R R I L L L R I R R R L T
Creserssersersacenan vesean teseresasecne erererearsvanvans tsersverassene sessesse trseven sasenaane taeasesraatnaees ces

....... R R R R N N R R O R R R R R R I e R N R R R R T
......... R R R R R N N R R R R R R IS
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Date _____ _ Name

In this practical you will learn how to make a standard solution and how to carry out a titration
accurately.

ASSESSMENT

This practical will be assessed for Conclusion and Evaluation, your conclusion regarding your
final result and comments on the practical methods used. You should also consider factors that
fimit its accuracy, precautions that must be taken to avoid errors.

e Stating a valid conclusion based on interpretation of results

o Evaluating the procedure including limitations and errors

* Suggesting a modified procedure to improve the investigation

METHOD :

The techniques to be used will be demonstrated and the reasons for doing things in a particular
way explained. You should then write your own method based on notes made during this
demonstration. - Your account should-include reasons why particular pieces of apparatus are used
and why a technique is carried out in a particular manner. Be sure to include safety
considerations.

...................................................................................................................

..................................................................................................................

..................................................................................................................

..................................................................................................................

...................................................................................................................

..................................................................................................................

..................................................................................................................

...................................................................................................................

..................................................................................................................

..................................................................................................................

..................................................................................................................

..................................................................................................................

..................................................................................................................

...................................................................................................................

..................................................................................................................

..................................................................................................................

..................................................................................................................
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Investigation 8 HOW CONCENTRATED IS ‘CONCENTRATED* NITRIC ACID
DATA COLLECTION

Mass of weighing bottle & sodium carbonate = g
Mass of weighing bottle after emptying = g
Volume of concentrated nitric acid used = cm’
which was diluted to cm’
Titration No. Rough 1 2 3
Final reading (co’)
Initial reading (cm®)
Titre (cm')
Volume of Na,CO,; taken = cm’ Average titre = cm’

DATA ANALYSIS and EVALUATION

a) Use your weighings to calculate the concentration of the sodium carbonate solution. .
Mass of sodium carbonate used =

Moles of sodium carbonate used =

Concentration of solution =

b) Use your titration results to calculate the concentration of the diluted.nitric acid, and hence of
the concentrated acid.

Equation for the reaction

Moles of sodium carbonate pipetted out = -

Moles of nitric acid this reacted with =

Concentration of diluted nitric acid

Concentration of original nitric acid

I}

¢) Were your titration results all exactly the same? If not, why not?

..................................................................................................................

..................................................................................................................
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Investigation 8 HOW CONCENTRATED IS ‘'CONCENTRATED' NITRIC ACID

d) How did you try to improve on the accuracy of the titration result?

..................................................................................................................

..................................................................................................................

these?

..................................................................................................................

..................................................................................................................

f) Which of these do you think would have been the more significant? How would these have
compared with the inaccuracies in the titration?

..................................................................................................................
..................................................................................................................

..................................................................................................................

Apart frbm these, what other sources.-of inaccuracy could. there have been? -
How significant do you think these might have been? How could you check this?

..................................................................................................................
...................................................................................................................

effect?

..................................................................................................................

i) The titration was sometimes carried out in a flask that was wet w1th distilled water.
Does this affect the accuracy? Explain why. -

..................................................................................................................
..................................................................................................................

..................................................................................................................

j) If you wanted to make 2 dm’ of 2 M nitric acid, what volume of the concentrated acid would
you dilute?

...................................................................................................................

..................................................................................................................

k) If the concentrated nitric acid has a density of 1.42 g cm?, what is the concentration of water
in the concentrated acid? (HINT - calculate the mass of acid in 1 dm® and hence the mass of
water in there)

..................................................................................................................
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Date ____ ____  Name

This practical is designed to provide an opportunity for you to demonstrate your planning skills in
relation to gravimetric and volumetric analysis.

ASSESSMENT

This practical will be assessed for Planning (b), on your written instructions about how to carry
out the practical - what pieces of apparatus to use, what concentrations of reagents to employ etc.
The results you record and the way in which these are presented will be assessed for Data
Collection.

This investigation will also be assessed for Conclusion and Evaluation based upon the way in
which you consider the two techniques that you suggest and identify their weaknesses in them, as
well as the retrospective suggestions you have for ways in which your chosen method could be
improved

¢ Designing a method with appropriate apparatus/materials

¢ Designing a method for the control of the variables

» _Designing a method for the collection of sufficient data

. }Collec»ting and recording appropriate raw data

« Presenting raw data allowing easy interpretation

s Stating a valid conclusion based on interpretation of results

o Evaluating the procedure including limitations and errors

: tion’ Suggesting a modified procedure to improve the investigation
PLANNING |

The object of this practical is to determine the solubility of ethanedioic acid. This acid is available
as the white crystalline dihydrate [(COOH),.2H,Q]. Its solubility at room temperature is about

10 gdm™. Tt is a weak dibasic acid (pK, = 1.23 and 4.28) and a mild reducing agent (when
warmed it will reduce acidified aqueous potassium permanganate).

Warning Ethanedioic acid and its salts are poisonous

You should propose two contrasting methods (i.e. ones that are based on different
physical/chemical principles and hence have different inherent errors in them) to measure the
solubility and write a brief outline of both of these methods. You should then explain which one

of these you feel would yield the most reliable resuits - this is where most of the evaluation marks
will be earned.

For this method you should then write a detailed practical procedure. It should for example state
what apparatus to use precisely, (i.e. a 10 cn® measuring cylinder, not just a measuring cylinder)
what solutions to use (giving the concentrations - you will probably have to do some calculations
to check these are appropriate) and how to proceed (again in detail).
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Investigation 9 SOLUBILITY OF ETHANEODIOIC ACID

Outline of method 1

...... ..
.......
et eaaaa e e ereerenaans reeereeeaae ereenens ettt e
e et e SO PRRN e eerenns Creereeann
........... e et eeeieeeteereetetaea et eaee i ea et enh et ettt e e et tar e et e e e reas
ereeaen reeeeaenas veveenen bereereaneas e e e eeenes e
ettt ranae PN e ettt eaen
e e eeseeteeneteeeeieentnetee e aaaataeea b et eh et e e n s et an e aenr e taraneeatan
......... Fe et eeteeeeteestetesteseestesesstesesenaenetneath et ehta ey e tn e tn ot pa e ea et naneans
Outlii

utline of method 2

v eerereerraanes eveereaa e veveene vemeenns et et
ereeneane e e e PP e, et e
......................................
..............................................................................
...........
...................................
.......................................................................................
......
e e et eereeeens e RUOTT e,
Comparison of the methods

et e OO UPPPRIR et
e e e et e e et aaaa,
ettt e reeeaeeaane v eeeeeaaaea reeeeeaenaas eereeneaaes e
reeenean eeraen e e ereenens et e e e ans TN
PO PP PSTP PPN reeeenns
........ e ettt e et te et et e e aeeneeaasiaen et et et ta et et e e aetea s e tteaateaenaras
e e e eeaaanes reens USRS ettt ea s
......... ettt e e e e eaee et ettt et eneeataa e enea et et e a gt et tes et e naaran b anaanaras
.....

The method chosen for detailed planning is method
METHOD (use extra paper as required)
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Investigation 9 SOLUBILITY OF ETHAMEQDIOIC ACID

DATA COLLECTION

cesessusa veesennna sreeresansanan versesseerrane cvesesenons aeecernannne tesersececacnss teseseseun vesenese Cssecessras
veressane vesrae oo esvesesaacesrseaseseecvtenecateo e rtactaensanactoseass st eetesterarsrre s ereTetes aaeanasonn
B seesassesassreasnsons teeeces R T rensven teeean eerersstcrassanens toacrserresssessoaan R veee
D T R I L L R R R T P P R P R P PR R Cessveracaas veserrarereas crsen
teresassennanan sseserenssanan Ceaseiecsrriesssinanne Cessreeraonns cetarscresseoansy ehsesrtersesvrenacnsesnnsens
ceveene resesvesana tessreevacsanes tesersesasenrane esens beseresasanserannen Ceraeerevesttsaataatssetereran veesse cae
D A R R N R RS €essmsverso e R R N Y D R R evssssvssvan vesssrrsena 0-.00-‘0.-.-#(;0

DATA ANALYSIS and EVALUATION
a) Use your results to calculate the solubility of ethanedioic acid in gdm™.

“esressencavenea saeesse sescnen sesersentsccsensrosraas tanssesarsiteranten teersescessessenans EEE R eseerenreas veses
teessresasransen PR R L T R N vaesvresnsnss creasa sestesmssesane tesreena evessacasa ceessce
ceesacsesrnans D R R N R L R I sesestavneersecsanssesne sessescnsens sosens sresrescanrnssacnsssnna

R R R E R LR LR TR Sr gy
....... S L T T T T T O O
sesssannae PR R R L R L R R R N S Y erssessesesssstrenonnn sessstesanaeressana sertanaccane sesee
bewmreena tecrecnane serseenes seevessvrssarsanas sesnas “etsasesasserstesensansasanse teasesecnass 4seacesns P R
sessscsossnavens sesressesave srevasscesaeransane sessevsseresrcanann PR AR vessessvane sssreeseananes
B N R B L R R R R L L E R T R PR tesc s nenna R R R R D R R R R T T

Presetseretetecrtarrnansns
...... P R I L R L R T R R R R L R R RN
B R R R R AR R R P R sesavens srsssasssrases sesssvsan asentressenan “sversesines aae

¢) What were the major factors limiting the accuracy of your determination? How could you
modify the method used to improve the precision?

evesessseacervanars PR R R srse R R R R R T R R W P SN sresecana tetaresanan P .
..... I R R R L L L T R R L R R R T R I P U S
..... R R R I R I R N R R R I T T e R R R R R R I IS
..... PR R R R R R O R L R R R R

eeesasesnasrenan ssessasesstsnns sensarneres srevoens seeses R R R Ty Peserasans PR T TN NN .
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Date Name

In this practical you will be required to determine the molar mass of a soluble organic acid by
titration against a solution of sodium hydroxide, which you have standardised using potassium
hydrogen phthalate as the primary standard.

ASSESSMENT

This practical will be assessed for Planning (b) on the method that you submit, for Data
Collection on the way in which you record your experimental data and for Manipulative Skills on
the accuracy of your final result.

o Designing a method with appropriate apparatus/materials

¢ Designing a method for the control of the variables

* Designing a method for the collection of sufficient data

¢ Collecting and recording appropriate raw data

o Presenting raw data allowing easy interpretation

Using techniques and equipment in a safe manner .

o Following instructions accurately and thoughtfully

Warning Please take care, some of these chemicals and m ~

techniques are hazardous I_ﬁ .
GLOVES GOGGLES

METHOD -

You will be provided with:

Solid potassium hydrogen phthalate (a primary standard that acts as a soluble monobasic acid, M,

of KHCH,O, = 202.4)

Aqueous sodium hydroxide (approximately 0.1 mol dm™)

Solid “Acid X” (the soluble acid whose molar mass you are to find)
Phenolphthalein indicator

You will also have available all of the usual apparatus for volumetric analysis, i.e. volumetric
flasks, pipettes, burettes etc.

You must write your own experimental method for the practical.

This should include details of precisely what apparatus to use (i.e. “a 100 cm® volumetric flask”
rather than just “a volumetric flask’”) and specify the amounts of the reagents to be used. You
will also need to decide what measurements you need to take and produce a suitable results
section for recording these. This practical method must be written overleaf and handed in before
the practical:

METHOD (use extra paper as required)

DATA COLLECTION
Record your results in an appropriate form
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Investigation 10 DETERMINING THE MOLAR MASS OF AN ACID

DATA ANALYSIS
a) Calculate the concentration of the aqueous sodium hydroxide.

Kescseaesns teerreaanas tesesecrarsacan vecrascssessnessoessnae steasenatessenssssattssnanne eserescssscarmannmres esee
B R R e R LR L R R R TR R R I ceenean Vevrssastrarcsetsoretnnstrnan Seseteavensasenstrens R T
PR R R R R RS Cetresceresressenanes sassetresssausstersrereervrontssonse 4ssesscrsencraacsne tremcsrstancs

............ F S R L R L R R O O O T T L R LR R L L T Ty iy
...... P I R R R N R R R R R L L T Ty
ceresveane Gesisecancoacsnsreannrre srersntancass teerrcecsasas sessscanns Gessacssarsecaanrenaans Areesevaesamaas cresue

¢) If your burette reading in the titration of “Acid X” with the aqueous sodium hydroxide had
been in error by 0.1 cm’, what difference would this have made to your final estimate of the molar
mass?

sesenvane R R R LR R TR P “ensavessssserrsscsnansns dacsssnvscsrreceonanas secnee eseasrae 4sssessnrnvna
.............. R R R I T R N R R I L R R L R R L L L R T T T e
areaseuse evecstacsernans R seassrrce essavenens tasrssessn taesessanen seesne seecan DR R R R RPN teveresranne seves
crresssenencn Gasserssersctnarsanacrssase tessasrnanns samsereressavessesaaran feestencacvsreansrsetsaerasonrene seerere
................. R R T R R R R L P N T R I R IR AP Up PR
seesacesaversssn eerase srvarmoaae ssessersasee esessanosnen reesen srsesnsesnes Weesreconna 4srecsssesesne D ..

d) Suppose that “Acid X” had been tribasic. What value of the molar mass would you then -
obtain? How could find out the basicity of the acid and hence the correct molar mass?

........... R R R T R R O O O R R S I L L LR TR TR Ty
Sesrvesseasracscnas asesasenesnsans sevessoan 4P sessesrtssetanrsesanstsarsene cevesans sesecre 4cccsnnenn D I
tresseveas sersvences veveana esseane swesercaseass teesrsesaansn Gesesesmssesnnssnerans R R R LR IPY veersers e sesriren
..... P T R T L R R R N N I N R R R R Y
.......... R R R T O R R R R N N e R LR e,
R R R R Y R R R ren PR RN 4ereessscvssnse P R L LR T R I seseess

e) Potassium hydrogen phthalate is being used as the primary standard. What properties must
a primary standard have and why is sodium hydroxide itself not suitable?

Gesresersesssarrosennn sesvesnsnrnas etvssssanae ssrssasasesecsenoansoe csesvee P LR e teersasnssann
ctesescaacarerrrcanne stserererenen Cevresssanserene sesesssaacerrease tevraresesresesen bosasanan sesses e rissbatenas
secdassanse seseares 4earresscsennea 4tecensesdenasrensrssense eessanses Arsesrcanas sasserncansee verescaans vessresenne oo
R LR A L E R TR TR P R R sressasnans ssacvecsvasns vesesssserens “eresean beaseeas treseeraane
cscaeone 4esesanaasase csancee esrassseaeersacnes searvecacrsanes seersrarecasseares eeerresanaran deaseseansrtinennte oo
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This practical is designed to analyse a fertiliser for ammonium ions by reaction with a known excess of
aqueous sodium hydroxide, followed by back titration with hydrochloric acid to determine how much
of the alkali remains unreacted. The concentration of the sodium hydroxide is only approximately
known, as it absorbs carbon dioxide from the air, therefore the alkali is standardised by direct titration
with the hydrochloric acid.

ASSESSMENT
This practical will be assessed for Conclusion and Evaluation on your discussion of the methods
employed and for Manipulative Skills on the accuracy of your results.

Evaluating (interpreting) results (drawing conclusions)
Evaluating procedure(s)

Modifying the procedure

Carrying out a range of techniques in a safe manner
Following a variety of instructions . -

Wal_fning Please take care, some of these chemicals and
techniques are hazardous

METHOD
1)  Weigh out accurately about 2 g of the fertiliser into a weighing bottle. Carefully transfer the

solid to a 250 cm’ conical flask, ensuring that none spills, then accurately reweigh the empty
weighing bottle.

2)  Pipette out 25 cm’ of 2 mol dm aqueous sodium hydroxide into the 250 cm® conical flask.
Gently boil the flask and its contents until the vapour evolved no longer smells of ammonia, nor
turns moist red litmus paper blue. Observe the flask regularly and add small amounts of dlsnllcd
water so as to keep the total volume of liquid approximately constant.

Do not allow the flask to boil dry!

3)  Fill the burette with the 1 mol dm™ hydrochloric acid. Add a little bromothymol blue indicator to
the contents of flask and titrate with the hydrochloric acid.

4)  Repeat 1), 2) and 3) until consistent results are achieved.
Step 5 may be carried out before, during, or after parts 1) to 4).
5)  Pipette out 10 cm’ of 2 mol dm™ aqueous sodium hydroxide into a 100/150 cm® conical flask.

Add a little bromothymol blue indicator to the contents of flask and titrate with the 1 mol dm™
hydrochloric acid. Repeat until consistent results are achieved.
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DATA COLLECTION

Weighings

Investigation 11 DETERMINING NITROGEN CONTENT

Titration No.

Mass of
weighing bottle
and fertiliser (g)

Mass of empty
weighing bottle
&)

Mass of fertiliser
®

Back titration

Titration No.

Final reading
(cm)

Initial reading
(cm’)

Titre (cm’®)

Standardisation titration

Titration No.

Rough

Final reading
(cn)

Initial reading
(cm’)

Titre (cm’)

Average titre =

cm
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Investigation 11 DETERMINING NITROGEN CONTENT

DATA ANALYSIS and EVALUATION
a) Use the results from the standardisation titration to calculate the concentration of the aqueous
sodium hydroxide.

Cesrerscrerevseescarannen teeccsscsanae seesseann eseseacrence R R R R I U
Sesracecenae sEreeresarvinasnonas desssencrnas sssesvesssescaviesecnce veereeseraeene Seesrvtrrss s ats ctnrrninnn s
Nessevssrescesanrens P R R R R R RN sesssrencan vessrsrscsserons svesrevancnersanr s Yevearvseane
savene seesanes desssscccsssenan 4eseesenseassracsssnscsnccacrerass saresas tectvecaae P R R N AR TR
R R R R R R N sesessavsestcnsscarson Sessesnsasene seervee D R T P SN

........................ R R T O R R L R L R R R

b) Use this result to calculate the number of moles of sodium hydroxide used to dissolve each sample
of the fertiliser.

............ R R L R R e R R R R T
..... R R N T R R R R R R I I A S e
....... T T L R L R R T e e R I R R R I A
........................................ R R R L R R T R N R R LR T R I S
.............. B NN O O R R I LR R T T Ty
...................... R R R R R R L L R LR R E R T A Y

Carry out ¢) and d) separately for each sample of the fertiliser.

¢) Use the titration results to calculate the moles of sodium hydroxide that were in excess and hence
the number of moles that reacted with the fertiliser.

....... S L R L R R L L L L R R R L T T R I RSy
seesseaers tacssenane tessasvessrtinccrirasnann ersresscsevsana secsscsacne sstseseseresranansenensnovre Cecerssacce
..... R N DN O O Ry R R T T R R L I Y
......................... R R R R R R R L L R T I e
.................... R R I T N T T e R R R R R TN I
D trseacnansnee veesessenravanas ceesarsnne vsesescavsns 4seteecennssras seavee D R R R R R

d) Use this result to calculate the mass of nitrogen in the sample of the fertiliser assuming that one
mole of sodium hydroxide reacts with one nitrogen atom.

secsresessscsrrrsscssenans R R R LR LR R Messtvecrvrenrrsanasonse eesssessrserersseccatitrersannrenn .o
...................... R R N LR R R L KX R R Y
ssecesssns besitrsvesssasssscscsanrans R R R R e R R R RN trerecvacsracas vessene soons
cesrean sserseasnans tssetacestscesrtsrrt ey vrsesseesnvevas R R R R R RN R I sesveee “ee
...... R R R R N N I O T O R LR R R R T Y L T T T Oy
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Investigation 11 DETERMINING NITROGEN CONTENT

e) The percentage nitrogen (by mass) is usually quoted on fertiliser bags. What should the fertiliser
be labelled, according to your analysis?

csee
...................... I R N R R R R LR R I WP N
secressene P R e Y L R T PR PR RS tescaretsnas tessssevanas ecesatccraceranss arsesrerema .
sesusecesacssese ceattesrrasnsnsane sesessencsacas sesasene ceeaee sesevse ssesen teccesanens Svecsaucts csrncsotanacn
......... P R L R S O R R R R A R PR T I T
4esscssurasessrenesasanne seecsssessserrsesssnsseactnsne B R R R R R R R R A U S

Pasemaraseasnas ttesetaestrasesssrrscessstesreanana ereserassee sessacsanes sessessavseceann sverssans trsvssecsanea
“sssencssceans sesccscas vesescasssrecsresescrnsnnnn eseaansan “esasrcactasas 4reerstenrtesrtatvrasssraren . dsecsrenen
esesnna tseerana teesrreratrrassetsnacsnane tassesssscrnann tereaseene everesaanse sesessscssonsnnoe cesmesvas servesen
veessenan tersvsecansecrencnns cescavsassae sessevacesacsnns tresassnans trenasesnanes R R X tresesererse
ctecsssuvracns tvsresseserrersesastestassrevensae Preacnaverran erescesacsens sasesasraresrasens teescsn seseserae csss
.......... P T R L R L R R L R N R I

........ e tenseaeseneseseatiasenesrsacetrsatetanetteetattiteatatetttetitnttintoratiiereactantentattasronroranns
................. e s saesesonasaserasasesahscsisenrecetacerasttoniosotaentiaritantonsatencanitetsateanetnteonne
................. He s asatstarenseataretesettaenusteettonetececantasatoeetanettsetanaciattocatatoterarristesans
e teseeiaenrecttstetrestartreresteanecreeratteractttttttsrrettaent ceteensiaraenane vevien sesestneacasenss ceewse
Ceeeesianccasasans ceesaans cenoes O ceeanesa veveeeeuaan veseees cevereen Ceveane J
T dereessacanns cesiessacesaass vereeae [N tevees

h) Why was the solution boiled?

D R R R R R R esearseresanne 4sessssesasses seesoaes ascttrasancseenen

cescacsreunaas 4eecssnarasaannn assvsenen teressrae sreresreesrscarrenees 2ecsssccccan Mesersrsaesasresrtrestuser e ®
.

B e R T R R R R N R N R T R T secasrieerneen s

.......... O T I L R LR R T T N A

sevessenasecnsananss Sarseess e vt testse s testeassrateatsscsatassnasrenn R R R R

tercearannaracnone tescternreeanns versareeans vrese Feesesssnsrsaensrrernae Pesaserasservrenns sevecerriesssrsnans .
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Investigation 11 DETERMINING NITROGEN CONTENT

i)  Consider the precision of the various measurements. Which was likely to be the limiting factor on
your accuracy? What limits of precision would this impose on your final result? Were your
different determinations within this precision limit?

.......... R R R I N R R R R R R P i N Y
serencsnsas vesrsreccscane seecsssecssrvseresesea ceresavsen severescstrssanaas sessee sesssecsassenn D R R
seesresresesnesessanesy cacens R S R T R I Y sesrerncace ssescsnsnnsecse tecsssemrnsmrnenan venas
ceese sssacnanee tessecsvseascrcnes saserencen erevae seeeane “esesesssressesnscnnascans “esestcsansnse tsrecteanrne veu
..................... e R R N R R R R R T T
R R R R L R R R R R R R ] esrersenraane teeseseescscsans teessesecrestrcrr st anaseatoneon

) In what ways would you modify the technique in order to try and achieve more precise results?

........ O L R R R R S S P
esecressrnnas Cessrransnenns secesscsssnanrenes cesesessesase sesesnai sesmeersssercans tesennanse essssons “esmssens o
R R R TRy tretesesesossns srsesrsrtsesssssrrsestrenrase veeseevesesenes R R R Y aeecens
------------ O I T B R N R T W X PPy
------ O R R R N R S R R N R T
veesvene tssearsssrevsnaranre seersccvennne R R R R A R R T R R P R srreenn
......................... R R A R R R R R R R R R
......... F O R R N R R R R R R R N RN R L L]
........................ P I R I O e R R R e
sessesrsrsscsvesonse svetessasresane et seavsarseesacrseranc e sy sressssessessensonsen vesssemsnnns 4ssacsacea RS
cresvennven saecacan avesssessseane R R R R R T PR P T R TR Y seerrenas sessarrasrrrcacanon seessa resses
vesssassenrrrssasracnany P R R R R R I T R P R R R sesecacse teemssaisentnsenensy
R R R R R Y srssvne serssrressanen sessecsssssanvsscsnenns R R R R R R N R R R I
svseseanss sesetseeririsevaetaerssacrnastaravencssse Leseccrsvrnnne vessenessressncecscennaan esessna csssesnne
sereens R R R R R sesassaracsecsrtoccacans eevessreann R R R R R NN R
P R R R R R R R S L R R L R T T veecrsrvstesrivoeserereas
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Date .~ Name

In this practical you will learn how to use a precipitation reaction for gravimetric analysis.

ASSESSMENT
This practical will be assessed. for Data Processing and Presentation on the calculation of the
result from the data obtained and the assessment of the accuracy of this value. It will also be
assessed for Conclusion and Evaluation on your assessment of the technique, probable sources of
error and suggestions for improvements.

Processing raw data correctly

Presenting processed data appropriately

Stating a valid conclusion based on interpretation of results

Evaluating the procedure including limitations and errors

Suggesting a modified procedure to improve the investigation

Warning Please take care, some of these chemicals - (|l
-and techniques are hazardous

METHOD |
1) Weigh a 250 cm® conical flask, add about 10 g of solder and then reweigh it.

2) Add 100 cm’® of 2 mol dm™ nitric acid from a measuring cylinder and leave the flask in'a
fume cupboard overnight.

3) By the next day the solder should have dissolved. If there is' any -solid residue or
cloudiness, carry out 4), otherwise if the liquid is clear go straight to.5).

4) Warm the liquid to ~60°C and then filter into a clean 250 cm® conical flask. Rinse the
flask twice with ~10 cm® of distilled water and then pour this through the filter paper,
collecting the liquid in the same flask as the filtrate.

5) Add 50 cm’ of 2 moldm™ sulfuric acid to the liquid in the conical flask. Heat the flask to
~60°C.

6) Write your name in pencil on a piece of filter paper and then weigh it. Now fold it and
place it in the filter funnel.

7 Filter the contents of the flask. Dilute 5 cm’ of 2 mol dm? sulfuric acid to 50 cm® in a
measuring cylinder. Use a 25 cm® portion of this to rinse the flask and then pour this
through the precipitate m the filter paper. Repeat this with the second 25 cm’ portion of
the diluted acid.

8) Remove the filter paper from the funnel and place it in an oven at 130°C for at least two
hours, but preferably overnight, then finally weigh the filter paper and filtrate.
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Investigation 12 FINDING THE PERCENTAGE OF LEAD IN SOLDER

DATA COLLECTION
Mass of flask & solder =___ g

Mass of flask =__ g

Mass of filter paper & precipitate

Il
13¢]

Mass of filter paper =___ g
DATA ANALYSIS

a) Use your weighings to calculate the percent of lead in the solder.

L S R R e N LR L R R R Y R W R R P

P R R R T R e sesssecsnernan ssesresassrrsacsans Secersrreststrtsetaccasunare
Geaecsstarscsranaacncns eevesassseerterasentstanenstentonn sessscrsscons sesessssssessrersessststancserann serensscane
eveseans R R R XX esecrssasee stesesessersersrecsnreteran “resescsrianre ssecsace tesenrsesssnnase “estesereccsns
svecsase sessesenrcesnnas ¢rectracstsrrsestsvanne wessasaasee sessssscsesrannan P L L “veserceernescstavaran

b) What were the most probable sources of error in thiS determination -and how. might the
procedure have been modified so as to minimise these inaccuracies?

Peeaserscevrresceesertesnonr e desevecssrne sessvanans sesrscestann PR R R R R R R E L Ty sserenenne “essean
...... D R R R N R R A S R R L Y R L R R R L R R i A G
seesecsrareceansssrsanron sevenrsans seensaer seerenana Vtasesrassavastcsesrsas PR L LR R R TRy tesssersna teasaan
.......... R R O O I T T R L R e R P Y IR YR
.......... P S T R R R I R R R R R T I I A S AP M

everecsssen sesvsrecatscsoavarassesanan srsesansesresnsavsocnesnse vaseeeen veessessesssves vesstssesnsesrrerense sasesese
tesssracenane ceservecens secvas P T L R R I R T R L R R R P Y cescsve
sesvessesnas svesesvserans seecessasecseanse sesenn tecessrsocnnn secesscaens Creecsssseacooene Pesesescasactsserisassanae .
Cevssaresersanes srescscssnne semssesrassanns sessares sesessrsenrese tecerstsarerancnas escenvance sessavess tessessece
eevrrectacasenne R R I N O T R R R R R T sssevensae .

d) What other elements would you expect to be present in solder? Why is this better than
using pure lead? What assumption does this analysis make about these elements?

..... B R R R R R R N N e e O Y R L L R I e
.............. P S L L O O N TN
“rserssrvsessssseanny vessessseas tessernnnes R R LR LR trssasreccaneane sasssarsasvenreaaa sereensensne
Assseresseercsnassessissarerassarastans secrssens teevrsarsesernceen sessesanen sesevsrrecsonnes saererrierestasean .
“ssetersaacsse Nssessetasanes merisesssasnrans vasessrran svemrecasorsee 4esrsecessenee teessvseretearnean treasmrsenve .

A Portfolio of Investigations for .B. Chemistry. © Green. J. and Greig. D Australia 2001 50
This sheet may only be photocopied and used according to the Conditions of Sale.

o

Ve N o T o T e S

e

. N T T N o U Ny T e Y e T o)



Date Name

In this practical you will observe emission spectra from various sources and account for the
differences in their appearance.

ASSESSMENT
This practical will be assessed for Data Collection on your recording of your observations and for
Data Processing and Presentation on your interpretation of these.

¢ Collecting and recording appropriate raw data

o Presenting raw data allowing easy interpretation

e Processing raw data correctly

»__Presenting processed data appropriately

METHOD
1) Look at a patch of daylight through the hand held spectroscope and record your
observations. (Do not look directly at the sun!!!)

2) Now observe a tungsten filament light bulb and a fluorescent. light tube through the
spectroscope. How do they compare with the daylight and with each other?

3) If some discharge tubes have been provided, observe these through the spectroscope and
record your observations.

4) Put a little dilute hydrochloric acid in one watch glass and a few crystals of sodium
chloride in another. Take a Bunsen burner and starting with the air hole closed, just open
it enough to make the flame colourless, but not so much as to create a blue central cone.
Take a nichrome wire and pass it through the flame just quickly enough for it not to
become red-hot. It should not colour the flame - if it does, heat it to red-hot and then
quench it in the hydrochloric acid. Repeat this until the wire -does not colour the flame.

5) Dip the nichrome wire into the acid and then into the sodium chloride. Pass the wire
through the flame as before and observe the colour produced. Have another student do
this whilst you observe the flame colour through the spectroscope.

6) Repeat this using the following instead of sodium chloride:

potassium chloride calcium chloride barium chloride
copper(Il) chloride lithium chloride strontium chloride

In each case you should also replace the hydrochloric acid to prevent it becoming
contaminated. Record the spectrum you observe for each substance.

DATA COLLECTION
For each source that you observed the spectrum of, record your observations in an appropriate
way using words, sketches or a combination of these. '
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Investigation 13 OBSERVING EMISSION SPECTRA

DATA ANALYSIS
a) What is the relationship between the colour of light and the amount of energy carried by
each photon of light?

b) The spectra you observed could be divided into two main types - what are these and what
do they show about the amounts of energy being lost.

........ B R R T N I N e e R L R R R R R R R
...... R R R R T T R R R R L R R R S R L R RIS
.......... R R R O R R R N N R Y W WA PPy
............... R R R R O T R R O R R R T N ecserasecn
................. P R N I T N R R T R R T R R PSPPI
........................ P R R e N R R R I Ty
Ceravarsrrreeraenacs Mrsesscesarseas Wessrsssvsracsstscesecsasteanstrsesens taesesesresenn secsernssesnssnsane 4esessnnsn
................. R R R T R R R N R R R R e R T R R LR R

c) | Explain the.origin of the type of spectra observed in the discharge tubes and: with the salts
introduced into the Bunsen flame.

P R R e R R R Y R R R R T I T, R Y AR T ve
cesesrsersancerraraenoranoae Mresterevsareassncssovaceseaare Sassessearaereccanse ssrsesevanan 4eesrcacornen cessrese .e
esrsessrvsrrsrroan ceveressesscan PRI seesereens vesvsrearsses srasense cessean DR R R sevracesceseranaas
D R R PR R R R sesece “oosssscscesarceannse tsesvaccaas becavrrarsecanas seseresvace Carcarrrese
....... ER R N L R R R R R R e R R R XA
IR TR TR sessessenan sesseensranase Paesasssrecesrnsctssetetstrbnatet st o na seseerenes evsesasvevesarticssnanne cavee
Cecsensrsenan R R R R teesessserrtsrscenne vicosersssosesans seeveresettereiovetaccanss taevasnaens
D R R R R R R versrecvan vecssrevrstesscarrsree sesstasaene $eedcressrereresrasesnanae 4ot esessnecsanse

d) If instead of your eye, you had a detector that could detect radiation of a greater range of
frequencies, what would you expect to find when observing sources such as the ones you
have been using?

Cessecvacas saseceave sesecanre D R R e LR vesseevsenans beeseesanserecrentcene coeves #oveciancoes ceae
secesasen sesvrvseaas desrensrarns saseecravsteneronnnna sesstaesnse seessssesvssnny cesnsn B R E R R TR
teccesrtacvassbrtrosie st R L R R R e N O R R TR R R P R R R L LR R R E R TR LR PR, B
...... R N N I O I N N N o O I T R R R R R R R I v
cessaavsoee R R P e N seeereanves sesvescsves Passrtacacsns srsceresransrrane
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Investigation 13 OBSERVING EMISSION SPECTRA

e) How has a quantitative study of atomic emission spectra contributed to our knowledge of
atomic structure?

cesasacevenca seesevane R R R R R S R R TR R R sesecnne 4ercevescarensssscnras o sesranne
seesessacsesans 4essscccssves P e R AR crserenaa P R sesesavens D R Yy
......... o4 e v et svetens s sessseentset tosstaesesresroesesotesessetsestorestesstotratsencatesstsatsrrtosentanensior ety
..... $4 6000 eaetomsatanetsonsnsonotsararasoeaattossnatsattstocarstacsttaatssatsornserrttorssssrennettatraracnanitrtae
csesnsecvaseenn “ssssconacs srasestsesrevsstccsanes 4sasscrcrrenne D R R N R R srreese DR seoe
D R P R R R TR RPN sesecrreasrasuscrare TR tersseenae neescee seseseanean R R R TR R R )

f) Under some circumstances absorption spectra can be observed. How would these arise
and what would their appearance be?

..... D R R R T R R LR L R R R R L L R LR R T LR R R R

B R R R I LR R T R T R PR teesvessrrssenn seenres tesssstascnsense sssetvesesen teccetccasn sense
etesessenssveans Prasesarcesrssaresestenansaser s P L LR L N L R R R S R R R X T S teercsveansy e
¢hesescacstsene tsevasavenna seeerersrran teevessess PR R R heessrcesseseatansnane eeesene srecsccsnen IERRR TR seceses .
................ B L T T T T L T T T e
R R R R R R R O N T R R R T R R R R R R LR L R PR PR Gevacesinns srsseeranas serecnn
..... P R T I R I T T R O e
......... R R R L L R R R T N P
SAssresemsesasststrtarssrscrstat et retencns esesae teraevenas srrevesecsvnanenas R R R R R N R tenes
cerrvunn sesses tesrscenacree 4ececvsctsesctsnsan svvesesn “rsssessessncas Frssacesnsecoanans sesean P I R Y W IR AP
P LR PR TR seersssans DR R L R T R TR RPN sessinnen cresserens D P L R R R LR R R R R I A Y
........... PR R L L R R R R R R R R Y |
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Date __  Name

This practical is designed to investigate similarities in the chemical reactions of the halogens and
some of their compounds.

ASSESSMENT
This practical will be assessed for Data Collection on the accuracy of the observations that you
make and for Data Processing and Presentation your interpretation of them.

Collecting and recording appropriate raw data

Presenting raw data allowing easy interpretation

Processing raw data correctly

Presenting processed data appropriately

Warning Please take care, some of these chemicals
and techniques are hazardous

METHOD ~

Chlorine and bromine are both toxic and have an obnoxious odour, therefore-try and carry out

reactions 2, 3 and 4 in a fume cupboard, as far as is practicable. '

1) Test the solubility of iodine in each of the following, noting the colour of the solution as:well
as the solubility. (N.B. take a very small quantity of iodine initially)

a) water b) ethanol
¢) hexane (Caution - flammable) d) aqueous sodium iodide

2) Put a few drops of chlorine water on to a watch glass and test it with blue litmus paper.
Repeat this firstly using bromine water and then iodine solution instead of the chlorine water.

3) Put a2 cmdepth of bromine water into a test tube and then add aqueous sodium hydroxide a
drop at a time until there is no further colour change. Now add dilute sulfuric acid until the
colour change ceases.

4) Put a2 cm depth of aqueous sodium chloride, sodium bromide and sodium iodide into three
separate test tubes and label these so that they can be identified. Add an equal volume of
chlorine water to each test tube and note the result. Now add a little hexane to form a
separate upper layer of a non-polar solvent. Shake the mixture and note the changes.
Repeat, firstly using bromine water and then iodine solution instead of the chlorine water.

5) Put about a 2 cm depth of aqueous sodium chloride into a test tube, add a little aqueous
sifver nitrate and record your observations. Now place the test tube in a sunny place, and
leave it there for about ten minutes and then observe it again. Repeat using agqueous sodium
bromide, then aqueous sodium iodide instead of the sodium chloride.

6) Put a 2 cm depth of aqueous sodium chloride in a boiling tube and add aqueous lead (1)
nitrate until a permanent precipitate forms - note its colour. Warm the mixture to boiling
point and then leave it to slowly cool, observing it periodically. Repeat using sodium
bromide and sodium iodide instead of the chloride.

DATA COLLECTION and ANALYSIS
For each part of the practical, record your observations and attempt to explain these results. This
is deliberately ‘open-ended’, both in terms of observations and explanations.
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Date _ Name

In this practical the chemical structure of certain substances will be explored by investigating the
physical properties of the substances.

ASSESSMENT

This practical will be assessed for Planning (a) on the outline plan of your method for testing the
substances, for Planning (b) on the practical details of the way in which you carry this out. It will also
for Conclusion and Evaluation on your interpretation of the results, the limitation of your methods that
you perceive and your suggestions for possible improvements.

¢ Defining a problem or research question

¢ Relating the hypotheses or prediction to the research question

o _Selecting relevant variables

e Designing a method with appropriate apparatus/materials

¢ Designing a method for the control of the variables

* Designing a method for the collection of sufficient data

e Stating a valid conclusion based on interpretation of results -

¢ Evaluating the procedure including limitations and errors

Suggesting a modified procedure to improve the investigation

PLANNING

You should have discussed the way in which the. typéof bonding present in substances affects’
their physical properties.

Describe in your own words what you hope to achieve as a result of this experiment:

..................................................................................................................

..................................................................................................................

Outline what properties you intend to test and the information that you would expect to gain as a
result of these tests:

..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 15 STRUCTURE AND PHYSICAL PROPERTIES

What factors will it be important to control during your investigation?
How vital will this control be?

Gevsesasssescsssvssrenan sesesenn 4stssscevrescarere s v s ssensseenneans enssececaaen eseresorasecns seretsress sransneen
S I R L R T R N R L R R R TN R R TR S P esenveen
............ R R Ty R R R R R R R L R TS
aresessssscssssans sersescasrseessnn svsssasecsas sreeerassrrtessscecntasveronne R R R R R ALY sean
R R R R O R srrsevssscans vecsassnnes “vsssssesasesrvasacnene seerann ereerveanen Geresee
R R I N T R T R T T R Y R R R R R PR Y T X R R T IR I I IR vee

METHOD

You will be provided with a number of solids, identified only by letters. You will also have water
and a typical non-polar solvent available. ‘

In the space below describe practical details of how you intend to test the various substances.
These instructions should state exactly what apparatus to use, how much of the substances to
take, give an accurate description of how the test is to be performed and what should be
recorded.

.................. P L R R R e R R R RTINS
.......... R R R R R R I N O T R R Ry PR R T R R T RN Y
................ R R R R I R R R R R I
cssssessenssnee Gtsrsesssesesassrsrnare srsssscvsssennane tseetsessrescasescuerssastrresnan Gessvssasernanstanacnanes
R R R S R R R R PR PP seeceseeresencssena sesessevses trevssaves PR R N A X
veusan secssceseessrsersrsnnn tserseessrrrenes vaesersen R R E R teveatresesaraene veesssssesvonses cseses cane
....................... sesrseaseserareanrsssscsevsseserareresasnte crassevaserrane trsedssacresacrrreneenn .
srsecsssssercevrans R R N O T N R N R R R I
vsscsecscscscnnn sererrecn R R R R R R R R R LR 4esssecsrensennae .o
cesteevrsnsessasctenenarannanse vrrasenws assrescssserscnnans B R D R XL RN T T T R R NI I I RN seerarerans cecsean
44ccsoressresacrcsrserensssrrene ssassvreen sesesssrecavsssnses D R Y AL srascenesenens ssssceesaencnn vea
..... R R LR R R R R R R L R R R R SIS I,
casssescsans R R sesercsrere R N R e L L R R L L R LR T RN R R P I saverene sene
sesrrersrersansace secscecscnss tsssseserrtecosane sescsnee R R RN TR R sesesesecvssenae sesscecncnss saenssae
sesenrcesrrtcanensansras st R R R R R L R R L E R PR P R PR P sevese R R R R R R R R R I P
........ R R T T O N R R R T
...... I R I N N N I O e N R R R
...... seversscesrevesasnssens trasrestesaserrrssrreaserretreaesnssnns P R R LR R S I
aeassen tesvrressrsrecases tesisessersanesensreesrne sresercseses sssevesascane tsessessecnns seecrna srsesens seessese ves
..................... R R R R R R e R R R R N LR R R
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Investigation 15 STRUCTURE AND PHYSICAL. PROPERTIES

DATA COLLECTION and ANALYSIS

Substance | Test Result Interpretation
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Investigation 15 STRUCTURE AND PHYSICAL PROPERTIES

EVALUATION

a) For each of the substances that you investigated, state what overall conclusion you can
reach with regard to its structural type, how certain you are of this and what further tests
could be used to help remove any uncertainty.

cessracess srmeruan suvsevessearasara R R sesessecarsecsanane ssesssasernae teevesacsrrense TP esrnueeae
......... R R N O T e N R L L E R R R I
tesreearsrenerssessranne seeresna erssrsreranea taerescesasesane ssersersstesterranne Fessesssacrsieacrtsterte it s rann
sesesesesrersrsrssssaresrttoansoe esesrssevrasasesssasrtescaceesnn trvesresrsrane R A O N K APPSO
....... R R R I e e R R R R R R R R AT P A
............... R R I D R R L R R R
ceens searbecasrressescsransavuas sesesrsasese vsesrsceceas seescsesvrresreass sssrseacsssssvanse veceteseeseresansaans aves
cessscseesnsen Gsresenassestaseaan sescsscsarsnccssncararene sevesscean Gesrscrsasansessrsenassasncns ecececrronnnnn
cssacecsercassren secesrnes sessesecveensnrsavane essesrsesrsene Peerasunsrresesatrssessassronoancssents sseaasa. sessrene
..... R R R R T B B R R L R R R R I D AP
......................................... R R R A R R R N R
srsceense R R R creemse sesvae beeesssesrnannn evsensan eresrevsesnes sesesva B R
tesencessssssevseranser v R R TR sravessssssssacasne “asseescsense tenresnenae sosseen tecatntonsenarave
......... e e s asestatotsassseesesnassctossttostuassenatvavesettavasotiostonseesoctssistocssenessisessscsesisnncnennsae
..... R R R N N T N T O R R R R R R I AR Y
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.................. R R R N I T R R R O R R R R E TYS
........... R R I I O T o e R N Y R Y
P R R e vesessescssrsane treserrensy savs0scsosnne secevesat et rasvraan
sessesnsesnssns seveessecanse seesvennane Aeenssesaressrneancee R X R X cessease trecereraa esasanae
R R R R R R R R R LR R R R R R R veseracessascsne sesesesnsesiacans seew

b) What limitations were imposed by the techniques used and how do you think these could
have been overcome?

sessesreesseacsrsresasetastenatrsonna sestseasaee “eesessssvssns R R X R X LT R R seressessrenre e vesaae .
cesvesecae LR R secsecs sesecscercrevrvae sasesvssrseresssosasrssres s 4stssssessasrvrvrresrserrenrns tesesssreons
R R R R R O I R R R R R R R NS ssestecrersrscescsssans sessreertetiisnssasns .
R R R R R R Ny rrre “sserecescncne vevseesasnve sessescanes Seeusseressrssnvren Sreessrenns
......... B R I N T T o R L L R R I
secscserens sssessenrsesancnne seessssssrseanae srescsesnscsas veasesssenan teeseecsaan tescscsnessrrascersnas teosedrans
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Name

This practical is designed to investigate the forces between partlcles how these affect the solubility of
substances and changes that occur on mixing liquids, as a result of intermolecular forces.
ASSESSMENT

This practical will be assessed for Data Collection on the accuracy of the observations that you make
and for Data Processing and Presentation your interpretation of these.

Collecting and recording appropriate raw data

¢ Presenting raw data allowing easy interpretation

. Processing raw data correctly

* Presenting processed data appropriately

METHOD and DATA COLLECTION
1) Take a small amount of one of the solids listed in the bottom of two test tubes and then /\
fill one to a depth of ~ 3 cm with hexane and the other to a similar depth with water.
Stir and observe whether the solid appears soluble. (N.B. It is vital to use a very small (muMAsL;\') :
“amount of solid otherwise it will be difficult for you to see if it is slightly soluble.) -
Record your observations in the table below.

Solute- .-/ -  Solvent: | Hexane TR Water
Sodium chloride :

Urea -
Naphthalene
Silicon dioxide

2) For each of the pairs of liquids in the table below, take exactly 5 cm’ of each in separate
measuring cylinders and check they are at room temperature, which should be recorded /@\
(___°C). Mix the liquids together and record whether they are miscible, what the total

voluine is and the temperature change (if any) on mixing. ' '
Liquid A Liquid B Miscibility Volume Temp. Change
Ethyl ethanoate | Trichloro-

methane

Propanone Water
Ethanol | Hexane
Water Hexane
Hexane Hexene

3) Take the 3 tubes containing liquids and a bubble of air. Invert the tubes and compare the
rates at which the bubbles rise in the tubes and grade them from the fastest to the slowest.

Fastest : Slowest
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Investigation 16 FORCES BETWEEN PARTICLES

4) Working in a fume cupboard, take 5 burettes and fill them with the following liquids:
water, cyclohexane, trichloroethane, propanone, tetrachloromethane

Electrically charge a plastic rod by rubbing it on the material provided and bring it close to,
but not touching a steady stream of liquid from the burette into a large beaker underneath.

Observe whether the charged rod causes the stream of liquid to deviate from vertical.

Liquids that deviated because of the presence of the charged rod were:

..................................................................................................................

..................................................................................................................

DATA ANALYSIS
a) In the case of each solute explain, in terms of the intermolecular forces involved, its solubility in
both solvents.

Sodium chloride in hexane

..................................................................................................................
..................................................................................................................
..................................................................................................................
...................................................................................................................
R R I L R R T I R R R R A SO PP

..................................................................................................................

Sodium chloride in water

..............
Urea in hexane

...................................................................
A Portfolio of Investigations for 1.B. Chemistry. © Green. J. and Grelg. D Australia 2001 60

This sheet may only be photocopied and used according to the Conditions of Sale.

A

i~

o

.

. T S



Investigation 16 FORCES BETWEEN PARTICLES

Urea in water

........ L L T T T R I R L R R Y R R T Y R T R P,
seeensaa tesecrean N R R RN 4sesrerrssnsssanncs searrrasne 4esseererenan tesvracn Cecassserssennrsasan secse sresnsane
sessesvsecne Geesrerennrssarssonsesnssan tacsean seesesssttitasrssrestassans tresesearancrne ceece teseserssncerensa
..................... P R R LR T R R R R L R I T T

seeererasaas teserecaccraassarossssane sesescen dasstseesesasanrsnsenenene vevesna seacsesrenncas Peeasenane sasesa sscsene
R R R R T R R RPN sesssscestsreane Peveenseas R R R L X L R R R R I dececesnan .
......... P S S R R I P R R L L R L L R e PP
------------- R R R R R N R N e L R R R R R R R I D P S

...... D R R R LR R R N R R R I
................ R R R R T S N P R
vraeavenn ceresrertanan teecescen seesssnse seerttessearrsessansstsrracssenrooacr oot aan sesercescranas cssase seessscena
.................. P R R R R T R R R R R R R R P O Y

sesessrscarscscsan escsvcsssenene senveses tesstscsecscaerccane ¢ssessscenarseserescsonas R R IR
............... P R T T T T e R N R L T T T T
sassesecnassscsnnvanan PR R LR L L LR R R R T R R P eeerssereacrranas sessesaa tsesseavans sesesscarssernsene
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Investigation 16 FORCES BETWEEN PARTICLES

b) For each of the five mixtures explain as appropriate, in terms of intermolecular forces, why:

¢ they were miscible/immiscible
e there was/was not a change in the total volume on mixing.
¢ there was/was not a change in temperature on mixing.

ethyl ethanoate - trichloromethane

propanone - water

sesssiessccsetsrerarecans tseesesssvesssnranse tetetresesanansssstsetrone seevesecenoranen deesesresassrsr et cssnsntvan
........... D L L R LR L R R N e I R R A P R L LR L R T IR PPy
srsesvenss vesssessssnnae trerartssarronesn sessas PR R R R R N D S R R L seevase sesermeasn enesan
........................... P T S I R R R

.............................
.........................
......
.................................
water - hexane

e eeeeereenn N e s e rieearaans
s e ettt e teteeeretanerea. e e ereeens o rreeeraaeann
...........
ettt ier e eaeeanaaas et vreienrienaeenen e e erreina—. eevreeaeaan eeeeeinaraan ereenn
hexane - hexene

..... et e et tte e eae et ttaaetaant e e e e bt a e s aae n et etne b neaaarara et b aeaaneanes
........... e et ettt ettt aa e aeeaasteter et teae e aaaa e e taane tarn ey era e it etaasae araaanaran
e eraeaae e reneveeaens e eeeaaeeeas e e et v
eerraans et et e rereaeraeraiaas et et aaeraanas .
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Investigation 16 FORCES BETWEEN PARTICLES
¢) What physical property of a liquid is mainly responsible for the rate at which a bubble moves
through it?

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................

P R R R R R R R T R W S P

f) Draw diagrams of the molecules involved and explain in terms of these why the liquid was
deflected/undeflected.

A Portfolio of Investigations for [.B. Chemistry. © Green. J. and Greig. D Australia 2001 63
This sheet may only be photocopied and used according to the Conditions of Sale.



Date Name

These practicals explore changes of state and measurements connected with these.

ASSESSMENT
This practical will be assessed for Data Processing and Presentation on your interpretation of the
results and for Evaluation on your assessment of the results, the practical methods used and ways
in which these may be improved.

e Processing raw data correctly

» Presenting processed data appropriately

e Stating a valid conclusion based on interpretation of results

e Evaluating the procedure including limitations and errors

» Suggesting a modified procedure to improve the investigation

Warning Please take care, some of these chemicals and techniques
are hazardous.

METHOD

‘Part A - Melting
1. Weigh out 10 g of naphthalene put it in a test tube and place a thermometer in it.

2. Measure out 10 cm® of water into a second test tube and place a thermometer in it.

3. Place both test tubes in a boiling water bath. When the contents of the test tubes have reached the
temperature of the water bath, place them inside a boiling tube supported in a test tube rack.

4. Record the temperature of both test tubes every 30 seconds until they fall to 70°C.

Part B - Boiling
1. Set up some Quickfit apparatus for distillation with a thermometer going to the bottom of a 50 cm’
pear-shaped flask. Put 5 cm® of methanol and a few anti-bumping granules into it.

2. Place the flask in a boiling water bath and record the temperature in the bottom of the distillation
flask every 30 seconds until it reaches that of the water bath. Note when all of the methanol has
boiled off.

3. Put about 50 cm’® of methanol and a few anti-bumping granules into a Buchner flask and fit this with
a bung holding a thermometer.

4. Connect the flask to a filter pump and observe what happens.
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Investigation 17 CHANGES OF STATE

DATA COLLECTION

Part A

Naphthalene Water

Time Temp Time Temp Time Temp Time Temp
(ON (0 () o O] (0 ) O
0 330 0 330
30 ~ | 360 30 360
60 390 60 390
90 420 90 420
120 450 120 450
150 | 480 150 480
180 510 ‘ 180 510
210 540 210 540
240 570 240 570
270 600 270 600
300 630 300 630
PartB

Methanol

Time Temp Time Temp

® 1O & 10

0 330

30 360

60 390

90 420

120 450

150 480

180 510

210 540

240 570

270 600

300 630

Observations made on methanol in the Buchner flask:

..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 17 CHANG ES OF STATE

DATA ANALYSIS and EVALUATION

Part A
a) Draw graphs of temperature against time for both sets of data using the same axes.

b) Interpret the major features of the naphthalene graph.

...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................

...............................................................................................................

cooling.

...............................................................................................................

...............................................................................................................
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Investigation 17 CHANGES OF STATE
d) Taking the specific heat capacity of water as 4.184 JK'g”, calculate the rate of heat loss (in Js*)
from a test tube inside a boiling tube under these conditions.

B R R P R R R I R B R R LR X PRI 4esstecercsssranesn vestsesse vt ensrserunn
.......... P R D R R O R R R R R L R R T T "
------ P R R R R T R N R R R R T
.......... R R I T O R S N N R e R T
............. R R R O R R L R R R P Y T T
sreseacccnne cacense sesecesasee vesnae R R R R R R R R RISy eseeveansnse Yaseea voesn

e) From the graph, estimate the length of time required for the naphthalene to solidify. Use this to
calculate the total heat lost in the process and hence the latent heat of fusion of naphthalene (C,oHg)
in Jmol’. ,

P R R R T T O O R N LR X TR TP PN aerssrecnene “rssasene ..
Secteemseinsrisrarssstotasnsane erseravescasrareeres besecesrsasas R R R R R R R N, tessaceann tesene vessa
........ I P LT T T
devreceeranens teesasstanseaseananae sesersevertersersona “seeesace sasseee sesecrcesersnsacasorsonnan secovesen
...... R T I I L LR L R R R N R Y R R L R L R R R I
................. R R I N I I e R R R R R R I R T T

Seersevercnsnan Certesreseraans sesecsesenne ensavs saeneen sevecrssevtasasnons 44eerertecranssartssnier e sersse seee
..... F O R L T L R O R R T T R T T W I R PP

sestansnre Arsaressereresaresocssesas P P T R R seveaane eevarverranserse sessssae “esractesecracenna
.......... R L R R R R R R L L LR L R R R R R R S P,

..................................... R R R R R R R L R R L R R T TR Ry e
.......... P R R R R R R R I I T R R N L L R I I
Ceeeseansassarcssanse errave 4reerescseccsesncns voetetarencartan sesertesans Leasrervocnsssanine sesereerseansnas escen
..... R R R R R R O R R R R R N R R
sesrvaarseacerve 4ersacrcersennaa srseresssesvrrennae reesenes P R R R taveavsasesacnananranen “svracaarrr e
........... R R R I S I R R L L R TR X ]
creacas vesene eseanne terresseatasaarensnannnt erescnae crsesaenene wseurrreanne vers ERRIN sreessen seesrtiesinn YRy
D T srraenses Mesereoretscasaresatatennoes L R R R R R R R L R A Py taeseser
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Investigation 17 CHANGES OF STATE

Part B
h) Draw a graph of temperature against time for the methanol.

i) Interpret the major features of the graph.
J) Explain your observations when the Buchner flask containing methanol was evacuated.
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Date Name

This practical is designed familiarise you with the measurement of these physical properties. They are
both used as criteria of purity, especially for organic compounds, as melting points in particular are
very sensitive to the presence of impurities.

ASSESSMENT
This practical will be assessed for Planning (a) on your discussion of the underlying theory behind
the use of melting points to determine purity. It will also be assessed for Manipulative Skills on

your appreciation of the precautions required in the methods used and the accuracy of your
results. .

e Defining a problem or research question

e Relating the hypotheses or prediction to the research question

»_ Selecting relevant variables

¢ Using techniques and equipment in a safe manner

+ Following instructions accurately and thoughtfully

PLANNING

In the first part of this practical you will observe two samples of a substance melting, one of
which is pure and the other .of which is impure.

‘What will you be attempting to do?

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 18 MELTING POINTS AND BOILING POINTS

METHOD

There are various techniques for determining melting and boiling points, depending on the
apparatus available. Your teacher will demonstrate the types of apparatus that you have available.
You are then expected to record these methods in the space provided below, remembering to give
details of precautions to be taken in order to obtain accurate results. Use these methods to
observe the melting of samples A and B and to record the boiling point of liquid C.

...... L e R N R R e R R R R R R L TS
...... Ot st s00suetsasaneteesstoetneetisestistonnstosanttetstsss sttt isnintsoessstsssasasotonensssrecseasnis sonnnnen
stsesssresrrecsctatorsanssrare s 4esscenercnve vesaon “sreecscsns 4esstassserveane sresansan IR esecrsceanca,y sesseres
..... R R R I T O e R R LR R e R R R L
sessen sresesecane Feesvaessossnsen essesssssncscsenn “recsvasrtscacnse vessesenea sessernen seenven terecrrnnn srecesseesen
eresssssarsrrarssnan seesnven tersacassree IXEEERY 4ssseverseercscnsrrrroana sasenssons R essseare sresnesne “rreecreen
erescanscsssnas tesectecrscracrrsrssasnacan seesssearsrnn sestacacnsorons sessan seessas seessssrssrecrsnrenns Sesensrvan
R R R Gessseerane srssssssecse sasecssacensersoe tesesss seesssnaas sesecre ssecsssennnsarsen “ssapecrirse
.................... R R e T R R N TR TR Y TR R R WA
..................................... B R R T R I R R L R R R R R N R O S

DATA COLLECTION
Melting of solid A

............. R R R R R R O R R A R N LR R R R W ISP
............................... D R T S
R L E R N R PR sescrreestacana tressssecsanee ecssseces teeseses Gessesvsesecnnann svsestsevssstrtasttacsrnn
.............. P S S R T I O R R R R I I T
------ R R I e R R R N O R L R R R R O I N R I SN
asecstessrrananrre R R veveansesarens Sessnscccarenn sesrcccssvrrnanss btevssesansasansas cesenran aeresserrasevanse

.............................. R R o R N R R R R R R R L LR L R T X LR T TP PP
secesssssrsssennnane tescssoann svssstaiesseccnnn eerssssecssanns ssetecessnns Wrseeseesaracssacavesat sttt encarrtine
.- seasssesrareen seetavecssisannae Gesesesuravacssane veeaven sesrrresevcsans R R S ] vesesenns 4rvsenssenia
...... DR R L L L R R R R N R L R R L R R R L R T TR T T
..... 8o e s anst et tessonearsn e torsrasscrorstrios s ettnesanettsttotetesnaneseatosattocasterttrerorrsrarertsrennntrears
..... D R R R R R N L L L R R R O R R R N L R R R R R L T e

°C

H

Boiling point of liquid =
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Investigation 18 MELTING POINTS AND BOILING POINTS

DATA ANALYSIS

a) What differences did you notice in the melting of the two samples of the organic solid? As a
result, which do you consider to be the pure sample?

Csstreirivreassssrsassanne Csreasacsssennerasen PR LY PR seseea evstetancaas tes e cconsssnnsy
----- S S T L L R A T T T YT Y T PP
sesesrrtecsarensnae ceevene srense sessavanrasaee sasssasaesssncertsnvesecans Gssas et eetasrssstanserr s DR
cssecvsansre toeacen essasss ressnns tvessacrsscnas sesaresncens 4etesrscnnnay sserscccnase teeccen sesesnrane resessana
ssscsercccna R R P R R R T secscrecreanne sesessscsoncncase vesecsesnas Pesesvrean
........... R I I I I mTmmmmmmssTe

b) What factors limit the accuracy of your melting point determination? How could it be made

more accurate?

....... PR I N S S L R R R R R R R e R R R L R RN T N TR R ey
ceans secens vescesssaseanes weseresverrces ereesacena Gerebsantaessescrerrrrasrtoas st a0ttt anata sracenrse “roe
D R R R LR TR cesnnse IR ETRY sesrtsasrenns sesserne tereconrs tvecaa sevenss D A seeve
shssemeeatesnan Gesensneas 4veescasnsisnrscenvon eecenn teseasscsen teeceosessarscane essean sereacecanny svecrenan
..................... RN L R R R R R R R L T R T R POy R
................................. R R R R R R N R R T T

) How would you expect the boiling point determined to depend on the presence of impurities?

cesssessans cesean tessassesasesvesesssans seressasseantrsnn sesesssencns sseesea sesas e ) teesesnsassvae
Gesseacienrscsressressnssernsorsonansan festensenascacesscseneaertaasanas deseancarrenarrenae 4canenes seresscouce
...................... R L R N N R R R L R R O I RN T
seserasias secseenneanre 4sessscescansenae tasearancacacreenn PR RPN ssesren Aveeans sesesccsssasressrensranan R
......... P R R R L R R R L L LR R R R K X I TP

sesscanesnne sesasacsessensannas dastaseratacns testssserrravsensasanceronns veseda R TR tessrecaas evessvae

d What factors limit the accuracy of your boiling point determination? How could it be made
more accurate?

vessssarsesarnas seescscsseunns seecesarsssessrevacane sesresctsastsensen secevesrans Sasseare i treresvoncrans
ceesecssas Aevesveranes srrsesaa sesrsenns tresassncsrnesssanane secesns Sesrrsecssetsrrasnsrnsenorun teesresracaas
................ F e e s esevoashassesentasts st tissserssoonnassoacrrassssatocrsbsroasceasssrnontodretarsessosiots
. B R R L L R L R R T Cemtrcsesnsveasssransnan Sestsrecrastessarrsns EERT RN censrven
tesecasrase Sssssecnascans teeseecnerrons Aeversssencenctanserensann LR $resariaecsrssassetieriinoanane vases
..... R R R R N O O T T e e R R R TR
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The object of this practical is to measure the heat evolved or absorbed in some physical and
chemical changes.

ASSESSMENT

The practical will be assessed for Conclusion and Evaluation, with the emphasis being on the
precision of your method, comments on the agreement between your results and the generally
accepted values for these changes, as well as your suggestions for minimising this difference. It
will also be assessed for Manipulative Skills based on how well you carry out this practical as
reflected in the values you obtain.

¢ Stating a valid conclusion based on interpretation of results

¢ Evaluating the procedure including limitations and errors

* Suggesting a modified procedure to improve the investigation

¢ Using techniques and equipment in a safe manner

¢ _FPollowing instructions accurately and thoughtfully

METHOD

Part A - The heat required for a change of state.

D Put 100 cm® of water at about 60°C into a polystyrene cup by 'mixing boiling water from the
kettle with cold water from the tap.

2) Dry about 25 g of ice with a piece of paper towel and weigh them both.

3) Rapidly record the temperature of the water and transfer the ice to it, then record the mass of
the paper towel and the water it has absorbed.

4) Stir the water ice mixture and record the temperature of the water as soon as all the ice has just
melted.

Part B - Determining the enthalpy change for the displacement reaction {8
between zinc and aqueous copper sulphate GOGaLES

1) Take a polystyréﬁe cup and use a measuring cylinder to put 50 cm® of 1 M aqueous cokp'per' (1))
sulphate in it.

2) Weigh out accurately about 5 g of powdered zinc into a weighing bottle.

3) Stir and record the temperature of the copper sulphate at half minute intervals for 2 minutes
and then add the powdered zinc.

4) Record the temperature at half minute intervals until the temperature has been falling for ten
consecutive readings.
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Investigation 19 MEASURING ENTHALPY CHANGES
DATA COLLECTION

Part A
Mass of ice, filter paper and water = g

Mass of filter paper and water= g

Initial temperature of water = °C
Final temperature of water = °C
Part B
Time |{Temp |Time | Temp
(s) (C) () (0
0 330
30 1360
60 390
90 420
120 450
150. 480
180 510
210 540
240 570
270 600
300 630

Mass of empty weighing bottle =___ 8
Mass of weighing bottle and zinc = g

Precision of Measurements
Record the precision of the various measurements that you have made.

..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................

...................................................................................................................
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Investigation 19 MEASURING ENTHALRY CHANGES

DATA ANALYSIS and EVALUATION
In all of these experiments you will be measuring the heat gained or lost using the equation:

| Heat change = mass x specific heat x temperature change B

The heat changes will be mainly those used to heat/cool the water or aqueous solution and, unless
you are instructed otherwise you may ignore the heat gained or lost by the calorimeter and the
other substances present. Take the specific heat of water and dilute agueous solutions as 4.183
kIdm3K-1.

Part A
a)  Calculate the heat lost by the warm water.

............................................................................................................
............................................................................................................

............................................................................................................

b)  Calculate the heat gained to raise the temperature of the molten ice to the final temperature.

............................................................................................................
............................................................................................................
.............................................................................................................

............................................................................................................

............................................................................................................

............................................................................................................

.............................................................................................................

d)  From this result calculate the latent heat of fusion of ice in kJ mol™?,

............................................................................................................
............................................................................................................

............................................................................................................

e)  Use your values for the precision of the readings to calculate the precision of this value

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

............................................................................................................
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Investigation 19 MEASURING ENTHALPY CHANGES

f)  Look up the accepted value for the enthalpy of fusion of ice and compare it to the value you
have determined.

cesrsecennenae sereraseras tesevessecrsasssnsacens seseseserrssstsarsasansnans ereccnae sesecses et sasrrmanntnas see

g)  What assumptions have been made in this determination? Is the true value likely to be
greater or smaller than that measured. Explain.

ST T s e et ten e a—aan e

s s e eeeens eereeeanes e . eerieean e raa—— . reenn

e e ereaeraanas et et eria—aenn evenanns ereeeanen eenn

......

............. ettt e e e eee e an e ee et ea ettt et et e ania et eaaanaaan
Part B

h)  Plot a graph of temperature against time, mcludmg error bars, and draw the best stralght &
line through initial section and the final cooling section.
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Investigation 19 MEASURING ENTHALPY CHANGES

Use this graph to estimate the rise in temperature that would have occurred if the reaction
had been instantaneous and heat had not been lost to the environment.

..... R T R R I e R R R R T R R R R R R RIS csa
B R R R R R L R R R R R Ry R I sevsessccas Peenseasrersircerr menan soereas
cosrese ¢ssesccorecsssascsosres sesvsssensacascacne desrseesaen teesesnue caesnuns avessssrensan vraereser ecencsns vao
R N sescscscecersenenses sesescave D R R R R R PP sscescctsrtonacera tetecatresca

R R R ) esessessetrssssrcracnnens R R RN Fesrensessscscsrseresrrasncans dsescercrnrane seee
eestrieacreentarsirasones 4sesssecsrsscverrovsans “rsesaveranses R R R R LT sescssccae
sesesserseenae veasssenas tescasrssassen esesssrsscsces veesecssssens tassnes secssrecene cessssccnn vvesacesnse reee
cesrssecrecsssaae secens ssessccncssssssese sesecessesesersetstsssecesssnn sessssecesnseana beceireserssanna cesene

i) Calculate which of the reagents is the limiting reagent.

k)  From the number of moles of the limiting reagent calculate a value of AH for the reaction.

................... R R R T RN R R T T T
teesecee R R R I eresevasscsne sesscssesecan tsesasnans seserevcocan teeseesscctannns sasen
ressnse sesseas Ctetsserrsssssrtenenene R R R 4esrsncasevsne secesssensan teecesves seeisceas seerea
........ R R R R R R T T R R R R R T R R T I T I

I} The accepted value for this is ~ -210 kImol"!. Comment on the accuracy of your result and
whether the discrépancy is in keeping with the major source of error of the method.

seecas sesresssnans teeravsercree sesese sesesnse 4eesensscsoacsnssonns tecserssrssecanene sessavencnres tessenee aee
..... L S R N T
ssescnces secsnscssoe tasene vesren teesssrescaseaa sssesecesccacs Vesecttetesteesesasoncnns “4esesssrarriassenan cee
sessseectervsssssens “stecrertaseresvasenee seeccccns sasesssseccns D R R R R R R R R PR PN .
sersscarssrsrcsssnne tasreeresssaccsensosan ssacecsnne R R R R R R A
.......... DR R R L L L R R R R R R R S R R LR R R R T R T Rr e

m) Suggest ways in which the accuracy of either, or both, of the determinations could be
significantly improved

4essscrcsstnsonnan 4ereesssrevesrressacsscsanse vessrenena sesens setsrasessssscesarrsressaseresnes e teerssasecee
cesee sesersosvan tessesessess sesnna sesens tesvesesssassecovetasersona sesssesennsesse sessenccenne ssacican sasesses
vessstaercsacnua “sssens 4essansen P T R R EEETRE D RNy D T R R R I I R R X TP
....... I N N I
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Date _ _  Name

There are many reactions for which direct measurement of the enthalpy of reaction is difficult, the
thermal decomposition of sodium hydrogencarbonate being such a reaction. In these cases it is
often possible to determine the enthalpy of reaction by direct measurements on more accessible
related systems and then applying Hess’ Law. This practical illustrates this approach.

ASSESSMENT

The practical will be assessed for Data Processing and Presentation based on the way in which
you calculate the result from the collected data and for the Conclusion and Evaluation on your
assessment of the probable sources of error and suggestions for improvements in the method.

Processing raw data correctly

Presenting processed data appropriately

Stating a valid conclusion based on interpretation of results

Evaluating the procedure including limitations and errors

_Suggesting a modified procedure to improve the investigation

Warning Please take care, some of these chemicals and
techniques are hazardous

GOGGLES

METHOD
1) Measure out, using a measuring cylinder, 100 cm® of 2 mol dm™ hydrochloric acid into an
expanded polystyrene container of at least 250 cnt’ capacity.

2) Weigh out accurately about 14 g of sodium hydrogencarbonate into a weighing bottle and
record the mass used.

3) Record the temperature every 30 s. After the third reading start adding the solid to the acid -
you may have to do this a little at a time otherwise the evolution of the gas may cause liquid
to overflow.

4) Continue taking temperature readings until you have ten readings after the temperature has
reached its maximum/minimum.

5) Repeat steps 1) to 4) but taking about 8g of anhydrous sodium carbonate, rather than the
sodium hydrogencarbonate. -
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Investigation 20 USING HESS'LAW

DATA COLLECTION
Mass of sodium hydrogencarbonate = g Mass of sodium carbonate = g

Time Temp | Time Temp Time Temp | Time Temp
() ) () &Y ) SO IO 9]
0 330 0 330

30 360 30 360

60 390 60 390

90 420 90 420

120 450 120 450

150 480 150 480

180 510 180 510

210 540 210 _| 540

240 570 240 570

270 600 270 600

300 630 300 630

DATA ANALYSIS

Use the results obtained to calculate the enthalpy of reaction of these two reactions and then
combine the results to obtain the enthalpy of reaction for: 2NaHCO; = Na,CO; + H;,0 + CO,

...................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
P T T S R R R N R S L L R R R N R R L
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 20 USING HESS'LAW
EVALUATION

a) The accepted enthalpy change for the decomposition of sodium hydrogencarbonate is +85
kJ mol™. How does your value compare with this?

erecsescsas teeteccsarsrsestaneroeas veeessserscrcssnen tacssssscans tascasns besesicssetesttaancnrnan DR R A RN eren
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seesonses IR tererrnasecran tesresearaus “rssesresscesscscasanes sseesean vesvsana veesesecassessecnna “ccrsesveen
sesssscernans eessesensanaas sesesans R L srvens seesons secesscnee teecsseevstsessnssrssstarscense P “ve
P R R R R R A, sescecnsenue sesensess Gsareenssstareentvsatasasscscerssancane secscans D R R

essesecenasreartannsesrcoanansreene srsesassessarasnsacansea ceesssemrons tesenssssennse esessrancssnsea sessserane cenna
................ P R L R L R R I N P R R T T ese
............ R O T I T O O I I I WP P
R I T R L N R O arenase sassees ersesanea srsesscnonny trssssenssnceen teaveneae seceen
L R R L sirsacecarasssasccsnares bastesssrscssassrestseanane R R R S RN TN IP I
B R I R ) Aevevsanssosanes seccssusns ssssassesersacnrans 4asssssercccnne tessserasensosane seseee sevaue

D R I T L LY sarssescens veassee esassesesesea sessssasce 4esssecesseossvecan Poversssrsnasas
R T TR TR Ty 4ressaratsssnseresne sessseceeas sesaen seesscase aevesscsanasvsaarnssne Sesseescsemens aenese vas
cvrava sesetensssecsasncarnsanans servesen teessrenase srssesvestenoan tesesesssstraenaans ansavasas D T Y

cesrsesesenan sessnenane teeresarsnsan seseens R R T T e R R PRI R PR sesrecnnes

teteereresasttritraeenaess Ceereeaaeans B PP T Crreeraeaeas cerieene
Cereeeitenrriieaans ceereens crereenees fereeteesieraneneaes creneees R, Cereiesarieeareas Cenreterienas
..... ettt e e e e aaeeeaeeae et het e et taba e sa st ae et anae e a e eee s e e bansaeerethaaea e tiaeanane
........
PPN PN Cerreeereaies
ceerieenae. e, Cereanaas crersrana Ceereeians Ceerarerans ceenen Ceererereeeas Ceerneieeaann Ceereraeeas
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Date Name

This practlcal a]lows you to gam expemence ina number of techmques that can be used to
measure the rate of a chemical reaction.

ASSESSMENT

This practical will be assessed for Data Collection on choosing suitable time intervals and
recording data to an appropriate precision. It will also be assessed for Data Processing and
Presentation on the way in which you represent and interpret the data collected and for
Manipulative Skills on how well you handle the challenge of working with new equipment.

¢ Collecting and recording appropriate raw data

o Presenting raw data allowing easy interpretation

e Processing raw data correctly

o Presenting processed data appropriately

e Using techniques and equipment in a safe manner

»_Following instructions accurately and thoughtfully

13

techniques are hazardous A L

GLOVES
METHOD
This is quite a long practical, so it may be that different members of your group, or different
groups, carry out different parts of it. If this is the case, take time to acquaint yourself with what
other people are doing so as to gain an understanding of all of these techniques.
The separate sections may be carried out in any sequence.

Warning Please take care, some of these chemicals and - o N aa/g

Technique A Volume of Evolved Gas

1) Take 2250 cm® conical flask fitted with a bung and a tube leading to a 100 cm’ gas syringe,
with the barrel fully in.

2) Measure out, using a measuring cylinder, 40 cm’ of 0.5 mol dm™ hydrochloric acid and put
this into the ﬂask

3) Take a4 cm’ long piece of magnesium ribbon. Drop it into the flask, replace the stopper
immediately and start timing.

4) Record the volume of gas evolved at appropriate time intervals until the reaction ceases.
Initially you will have to take readings quite frequently, but the time intervals can be
increased as the reaction slows down.

Technique B Decrease in Mass

5) Measure out 100 cm® of 2 mol dm™ nitric acid, using a measuring cylinder and place this in a
250 cm’ conical flask.

6) Weigh out about 10g of marble chips on a piece of filter paper, then place the flask
containing the acid alongside it on the balance and record the initial mass.

7) Start timing, tip the marble chips into the acid and put the filter paper under the flask, Place a
loose fitting cotton wool stopper in the neck of the flask so that it does not ‘spit’ or froth
over.
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8) Record the total mass at appropriate intervals until there is no further decrease in mass.
Initially you will have to take readings quite frequently, but the time intervals can be
increased as the reaction slows down.

Technique C Titrating Samples

9) Fill a burette with 0.005 mol dm™ aqueous sodium thiosulphate.

10) Take a 250 em® conical flask and add a heaped spatula full (~2 g) of solid sodium
hydrogencarbonate to this. This will neutralise the acid and stop the reaction.

11) Using a measuring cylinder, put 50 cm® of 2 mol dm® hydrochloric acid and 50 cm® of
2 mol dm™ aqueous propanone into a second 250 e’ conical flask.

12) Measure out with a measuring cylinder 25 cm® of 0.05 mol dm™ iodine solution. Add this to
the mixture of acid and propanone, mix thoroughly and start timing

13) As soon as this is done pipette out, using a pipette filter, 10 cm® of the mixture and run this
into the conical flask containing the hydrogencarbonate, noting the time.

14) Titrate this with the sodium thiosulphate using starch as an indicator and rinse out the flask.

15) At appropriate time intervals pipette out further 10 cm® samples of the reaction mixture, note
the exact time when it is run into a flask containing fresh hydrogencarbonate, then titrate with
sodium thiosulphate. Initially samples should be taken a few minutes apart, but longer time
intervals will be appropriate as the rate decreases.

T echn_idue D Light Absorption

16) Familiarise yourself with the operation of the colorimeter or spectrophotometer to be used.
If using a spectrophotometer set the wavelength to 500 nm.

17) ‘Measure out 20 cm® of 0.02 mol dm™ aqueous sodium thiosulphate.in a measuring cylinder.

18) Measure out 5 cm’ of 2 mol dm™ hydrochloric acid and add it to the thiosulphate. Mix the
solutions well and start timing. _

19) As quickly as possible transfer some' of- the reaction mixture to the colorimeter or
spectrophotometer. Take continuous readings of the absorption or, if this is not possible, take
readings at appropriate intervals

DATA COLLECTION
Record the results you obtain in an appropriate manner

A Volume of Evolved Gas

..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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B Decrease in Mass

vesseses sesvsecas sreasssnevsenenae sesseavaacs secensa vevesesonssreoncass sesrvsersanssree R L R R I N IS
cesee “ssevssenssssarsscnnts Ctesrsavresee sevene eessacesenn sereessce B L R R L R R Cesreseases taecssuen
seveenssecosvare Seesemsersatssserrsncsnsensssne ¢t esnssssenvecetsesttNtretasatsesacsanan D R R A R
............ PR R R R R R N R R R R R R L R T RN
vecscatsenconcanan D R R R R R caeers Cesverssacssesvensrsrtresncne sereacesveveesaaee sesssersscoarnane
....... P R R R T T T R R R R R R R R R R T
..................... P R Ty B R LR R L R I P S
.............. R R N I R I R R R R R K T X E I ey
....... P R I L R R L L L L L R R e N R
eseseateccstesnresrenose sesave cseece seseseserenssvinansen cerasnses D R R Y LR L LR R R N sesecsreens

D R L R R R R IR NP taceseenesavonn veeaene sessecranse sevessssennane vrsresessane D R R RN
.................................................... R R R R L R R L L LR Ry
...... P T T R R R R R R R R R R R L
...... R R T e R R T R P P R R

sesvcsanacs tecssscsssracntscnn Gessscececsrserraccs sasessececernoann tessresansense P R T R Y T ceann
sesscerseae R R R R R T R TR I DR R LR RN R R R NI teesraes seeawe taectecscssernreneas aaase

4esevsencsravanne Pessseesrrecrensaesrvascsssenas sesesccainne 4esvessessccsssassnerrrrne Gressesestavecnn sersens sreanas
D L R RPN DR R R R F R T T R R T R R crsseveves Ceevesesecsrararessrsresrresnerae vesecrercrsicannuns e
ccseve Ceersrtrrecsvesrstasony 4ssecssessssnssssence Mt susecsrersasssestesvresrssssrrcsnanern peesee seesesenen sessenn ree
decrensacs sesssecessrorrona sesessecersccronns ersssseens sessrscenne Besesaserrsactsosannne erssectacoan sesecsareas sans

etesevensennn saecsseststsessansrecsssrsssaas R R R R R R secrecsarrrnreces serecee e ereseseanscennsastsone
csesrens svesmetesareseserero e asesccercernans tesessresrrarasvnenen sessesrerence R L L Grsaserornatnanen
sessecternrescsrene sesereevernasanne sesssresetiacseanen trcrssssessrsennes terssecscessssnsrssrsranans teenrtseresneanas
) R R R R R R tesversvsone testsecesscrrenaee seesean veescns R R R R I R R T
................................... TR R T R R R LR T
ceesans D R R TR Y teecrvan “evrevssressasnassnonne sessrercenns tsescsssssnssanrsetrrae P ssecsen
D R R T R R R R R R R R L L A R R R R R R R T R

R R R R R P R Y dessssevisrornorescansesrnne P R R L R T T T TR P serstinaccnsens
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Investigation 21 MONITORING REACTION RATES

DATA ANALYSIS

Present your results in an appropriate form and for each section use this to calculate the initial rate
of reaction in convenient units. You may use graph paper (copy p8) and additional paper if
required.
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EVALUATION

A Volume of Evolved Gas
a) What are the limitations in the types of reactions that can be studied in this way?

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................

d) What improvements could you suggest to overcome these?
B Decrease in Mass

e) What are the limitations in the types of reactions that can be studied in this way?

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 21 MONITORING REACTION RATES

3] What were the practical difficulties in applying this method?

h) What improvements could you suggest to overcome these?

1) What are the limitations in the types of reactions that can be studied in this way?
i) What are the advantages of this method?

D What improvements could you suggest to overcome these?
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D Light Absorption
m) What are the limitations in the types of reactions that can be studied in this way?

..................................................................................................................

..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................

...................................................................................................................

..................................................................................................................
...................................................................................................................

..................................................................................................................
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Date Name

This practical gives you a chance to apply one of the methods of measuring reaction rates that you
have already met, to planning your own quantitative study

ASSESSMENT

This practical will be assessed for Planning (a) on your responses to the planning section and for
Planning (b) on the method that you produce for the practical. It will also be assessed for Data
Collection on the results you choose to record and the way in which you recorded them.

Defining a problem or research question

Relating the hypotheses or prediction to the research question

Selecting relevant variables

Designing a method with appropriate apparatus/materials

Designing a method for the control of the variables

Designing a method for the collection of sufficient data

Collecting and recording appropriate raw data

Presenting raw data allowing easy interpretation

PLANNING

You will firstly need to decide what reaction to measure the rate of, the technique going to use to
measure it and the variable (temperature, concentration of a particular reagent, amount of
catalyst, quantity of reagents etc.) you are going to change.

Reaction

Technique

Variable

Why have you chosen this particular technique to measure the rate?

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

.................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 22 INVESTIGATING REACTION RATES

How will you use the results to measure the initial rate ?

seesssveassescsas P R L R T teescrasne R R secsessen tessrscases sverrecuceste s enne caae
cerecscenvssccsnee sesereasereses R LR LR TR R R R teraven teersccrssrsses teeesorags st s nnsenen
R R L L LR R T R R PP R R R R N R R R LR RN R R R R A
vessersesnee seeccocens csersaes srsesecerssconacas teevan 4escssacrescee sesseven tescsane seevssress L R R S avse

Make a quantitative prediction (i.e. the initial rate will be directly proportional to the variable,
inversely proportional to the square root of the variable etc.) of the way in which you expect the
initial rate of change as you alter the variables.

......... R S T L L R R e N R R R R LR L R R R N
........ G mesesotnssonscreratssas ettt tostsoeseasioseossttoseststssoarrrerarestensrtoccrsortcosonsserotcsoittoancsrnies
............ R R R R R R R O R R I LR R E L R R R R R R P Y
ssevevcsenses REEEE teecsissessacscsssansesene R R R R R R R R R P

METHOD
Referring back to the planning section, write your own method for carrying out this. practical
giving precise details of apparatus to be used, quantities and concentrations of reagents etc.

cresrsenn crenne tesseearsestecenrsssnsersertenstaener et ettty seersesesrssnssssesscessenvsraassones R
R R R R e LR R R R R Y secesensesnonnne ceescren 4sessececcsrccsenn veses
R T R R R R I I NN I R R R T PR R T sesesrcurscetncans senes
......... R R R R R R R T O L R R R N L L LR L R T R P I I e
................... R R R R R R I N e e L R R R R A I
.............. Fesasssecesetestossstaisoersactttatbantatstsiattotosttatroreserirottarrenctnasastortrosae et oesroennty
.................................... R R R R L R LR R L R R R R R P I
................................................. R R R R R N N I R R L R R R R RPN
B R T R R R R R T e seecensessennronnse tessessssccnnnenee tessessncnseserane vessesscectorrrtonnnsanrone
............. R R I N N O e R R L T R T XN T ey
emesrrecerscsrsrserecstsasen erecscecns 4t evstretotestocsstonatsncaccresserssncnasrase sevsessvesssorrsssssasanee X
............................. R R R R R R R R R R R L L L R I A
.................... et s astonstoenonserstsotarettsossosstosssoatsosesrocsrasrossvssrsttevsecstoseasacsesossostiscsscenessss
................ R R R R R R R R R R L R R R LR TR R I RO NP

“seesseriesnsscsnnean P R R R R R R R R R R R secssssee sesresresnsrene teesssnese R R R P R Y
sesesesessetanssoann tasesnsenoanse 4sesecsserssensrrmsesnnanns D E R R D R L R T T R sesvens o
Feesvsresen sesceecraes teerssasesctssenanes teersncnane R R R R T T teerestnscescrenres seestsranace saae
........ R R R R I T T I R R T TN N SO
tresrssvecssan tecansresrsessesns tssesasasssinann taseecsssscuesenssnas I R R e R E R R T R veeese seenas
--------- IR R R N T O O O O S N IR A S Y
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Investigation 22 INVESTIGATING REACTION RATES

DATA COLLECTION
Record appropriate data below.

ceserssssccnn seesesassatrsans tevacesansene sssesearrsvesees “esvase entsessecaracscanae sssene cesanesen tersee ceasrns .-
........... P R L R R R R R T T R L R L R R L R R R R P Ry
ceavna sesenne ssseannee ssesene baerescsnsannene sessensess eeverrsseccassrscrrnes sstenene tessresssnarsvrnre seaens veeee
esesssrssenese ssseeas vesesecatrsasraerestset s acasrososnntsne tessesresavsesasan eseans ssesseccnanne sessccsrsvane cane
sesesacsensen PR RPN P P L R L T T i P esrecsscressnns veessssensssssan sescsanscrnnnn
......... R R R R I T e T R R O N I I Py
sesesesne seressenas tesssesancaaa P R sessravae tevrsans sesesecanane ssesancesn teavessencannss tsssetsnansen
sesncesrrcncertterarrn tesstserrescerracevsossvares seseenseenss IERRRY sersens vasesesencasoerna 4ecrtsresarcaanas seoee
4secnnsssennse esaces R R R R S LR LR R TR thscessessesersnsers st ransacecnannn 4svstrsssrecnnnsene
..... D R R R R R R L R R R R R R L I
sessservanes seserane R R LR TR R sessseacanone tresscensenns trvrecccsccarsronros o annas tnsae
sescsemasecas R R R R N R Y R LR R R PR P D R R R R R Ry tesen

DATA ANALYSIS
Analyse your results in an appropriate manner and use these to find the initial rate under the
different conditions. Then see if these rates do indeed vary in the way you predicted:

............. R R R O O O T R T R T T
--------- R R N D N N N T e R R R R T T I I PR
cerecvsrnocans RN R R R T R PP tessesestssernrrrissessecans vveecarsana 4eseatsrsssnceancses .
............. L S L L L R L R R R R R T R R N R T RN L
------ R R R R N T T T e R R R R TR R R L R R RN I S Y
sescecssvrnes seecnnne R R I R R R R I S LR R R PR PR T R Y basesecssasesenas seeevecacrcssren .
....... B L R N R I I R R L R L L T L R PN
............. R R R R R I A R e R X X LR I POUPIPIP g
.......... L T R e X R LR R R R A Pt
seevee seseseanen Ceerrscnssarrrresvana R T O R L L R L R TR R I venssse srsssraccasens ssesesecncna v
......... R R I I T T O I O T e O R R R R R I I
veease B R IR PP tetrerscerrerrecacs sesrsssnns esececen DR vesrreassestvanenrreren tetesincanae PP
......... P T L R L R L T E LR T TR R I i PP
cesases sesveas sasrerrsesanenen e Grsereccrannrae sesssenn R B R P vase
Terserrerarrresersenns o 4esetaratssnrnesresrsonse P N R R R R tesasersae R R R R TR aeoe
sreessven Sesavsecnasessssesreserananans srerecransne Gesesrererressssatatstarrassean et fersesesseacsarsanrtanas seans
....... P N S L R R R N R R R R R R R R R R R R R R PP I Y
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EVALUATION
a) Were you satisfied at the results the practical produced? Explain

.............. P Y R R I R Y
seremersesesveccasnsesssonncrnos srcvacasressae caseese et sesesaranresctetsereststerrer e sneana e P R .-
............................. B L N T N R T ST P A Y
.................. P S R N I T T R R L L R R L R R T T YN
................................... [ T R R R R P N R I R I S SR
essesesrrsearesecantoctantoann essecsrenensesstecssrsnas srevevsassans R R L L L R P PR Sevenee aee

Wt serteassrstesssessertcesastensanson 4esscvecsncassnn Sresscecatrersec st asrseracesr s anann srecstecnanae Pevrsenceaven
.................................................... R R N L R R L AR
............. I L R R T T I
sesven seesresessnsssersansnsoncan Cessrsenas seererssense sesescacsne 4rsesrrveane sesessescen seccrsnne trss et canarnnne
crssracscssarnca sesvece sescorenes R I R R L LR R I, tecsvecersreresran tesrrsesesssnnaan tessrerrasenan asee
................. P R R L L S S R e R R R P,
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teesbteseassatensanea “eeses e e st it rsse Tttt tentratn sesessecnssecoans deasssevsacasnans tecceevarranan “rvecenaas
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cesseserressrseterrrsrasaronne tesreenarnuan Ceevesrerasesesaseseasnenrassrenre P N tevsoas verenae ceesena
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This practical qualitatively investigates the factors that affect the rate of a chemical reaction and
the way in which these effects may be explained in terms of collision theory.
ASSESSMENT

This practical will be assessed for Data Processing and Presentation on the presentation of your
interpretation of these in terms of appropriate theory.

* Processing raw data correctly

* Presenting processed data appropriately

S——

Warning Please take care, some of these chemicals and
techniques. are hazardous

METHOD
Carry out Part A. You will then be assigned one of Part B to Part F to carry out.

Part A

1) Place a 250 cm’ conical flask on the balance and add about 10g of small lumps of calciim
carbonate.

2) Measure out 50 cm’® of SM ‘hydrochloric acid (CARE! Nearly the same as the concentrated
acid) using a measuring cylinder.

3) Place the measuring cylinder alongside the flask on the balance and record the total mass.

4) Add the acid to the flask and note the time. Record the total mass (remember to leave the -
empty measuring cylinder on the balance pan!) at half minute intervals, then one minute, two
minute, and five minute intervals as the reaction slows down.

Part B
Repeat using 100 cm® of 5M acid rather than 50 cm’.

Part C
Repeat using 25 cm’ of 5M acid and 25 cm® of water instead of 50 cm’ of the acid.

Part D
Use 5g of calcium carbonate instead of 10g.

Part E

Warm the hydrochloric acid to 20°C above room temperature before adding the calcium
carbonate.

Part F
Use one large lamp of calcium carbonate, rather than a number of small lomps.
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DATA COLLECTION
Initial mass of flask + acid and petri dish + calcium carbonate = g
Record the mass of the total system at various times in the table below.

Time |Experiment A Experiment __ Time |Experiment A Experiment ___
(s) Total Mass (g) | Total Mass (g) (s) Total Mass (g) [ Total Mass (g)
30 360
60 420

90 480

120 540

150 600

180 720

210 840

240 960

270 1080

300 - 1200

DATA ANALYSIS and EVALUATION

a) Enter the results of the experiments you carried out in the table below and then fill in the
results for parts of the experiment carried out by other groups:

Time (s) Loss in mass (g)

A B C D E F

30
60
90
120
150.
180
210
240
270
300
360
420
480
540
600
720
840
960
1080
1200
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Investigation 23 FACTORS AFFECTING RATE OF CHEMICAL. REACTIONS

Plot graphs of loss in mass against time for all the parts of the practical on graph paper and use
coloured pens as desired.

b) On each graph, as well as drawing a smooth curve, draw the best straight line through the early
points and use this to calculate the initial rate of each part. Record these in the table below:

g

art Initial rate (g s™)

m{m|g| o>

¢) What is the role of part A? Compare your results for part A with those obtained by others and
comment on the reproducibility of the experiment. Suggest ways in which this could have been
improved.

................................................................................................................

d) What gas was evolved to cause the loss in mass? Bearing this in mind, calculate the initial rate.
in units of Part A in mole s™.

................................................................................................................
...............................................................................................................
...............................................................................................................

...............................................................................................................

¢) Which reagent was the limiting reagent? Does this correspond to your observations? Taking
this into account, how did the actual loss in mass compare with the theoretical? In which
parts, if any, would you expect the total mass loss to vary from the value you have calculated?

...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................

...............................................................................................................
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Investigation 23 FACTORS AFFECTING RATE OF CHEMICAL. REACTIONS

f) What possible factors that could affect the reaction rate have not been investigated as part of
this practical?

g) For each of the Parts B to F, compare the initial rate with that of Part A and explain this in
terms of collision theory.

------- P R R T I R I A T R R R I T I I
........................... P R R R R R R e N R R T R T T T I I PSS YA Y
....... PR R R R N I N R R R L R R R LR R R R R I IR
eeessressesessscns sesrescenceas IERR TR tassesnasvsses esrersrenn aacess R R L T T TN 4cssscsacennan .o

..............................
eeenrenaas et e reeans e eereenaranann
...............................
s e e et et e et e et e et ar————aaanean
Part D

......
............
.....
........
Part E

...... e e e e e ettt e eue et e en ettt e iean et eaa et ua e e etenen ettt etaraaaraaa
............
............ e et eeee et et en e tan ettt eatatt e taeeae e e tn et r e e atesoneararnant et araananerans
........
PartF

reeenann e fenenn eeenean eveaens e et raraaaas
................ e e et e tta ettt a ettt taa et teteaan et e et aaae s arenanarae et oraaattaraaatararaanaaeaaan
eeeaes e eanen e s e, e et tar e
e e s erereeenes s e, e eerbeaeaaa.s .
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This practical is designed as an introduction to the special properties of a system in equilibrium.

ASSESSMENT
This practical will be assessed for Data Collection on the accuracy of the observations that you
make and for Data Processing and Presentation your interpretation of them.

Collecting and recording appropriate raw data

Presenting raw data allowing easy interpretation

Processing raw data correctly

Presenting processed data appropriately

METHOD, DATA COLLECTION and ANALYSIS

In this experiment it is important that one section is completed before going on to the next section
and for this reason it may be that your teacher chooses to demonstrate the reactions.

The equilibrium involves the formation of a blood-red coloured complex ion from the reaction
between iron (II) ions (Fe** - from iron (1) nitrate) and thiocyanate ions (SCN™ - from
potassium thiocyanate).

A The reaction between iron (lll) ions and thiocyanate ions

1) In a 100 cm® measuring cylinder mix together 90 cm® of 0.02 mol dm™ aqueous potassium
thiocyanate and 10 cm® aqueous 0.01 mol dm™ iron (III) nitrate.

2) Mix thoroughly and divide the solution equally amongst four 100 cm® beakers labelled 1, 2, 3,
and 4.

3) Keep the beaker labelled 1 as a control for the other parts of the experiment.. You will use the
other three for the later parts of the experiment.

4) Record your observations about what you saw taking place as the solutions were mixed and
what you can infer from this.

..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
...................................................................................................................
..................................................................................................................
..................................................................................................................
.................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 24 INTRODUCTIN TO EQUILIBRIUM

B Increasing the concentration of iron (lll) ions

To beaker 2 add 2 cm® of the aqueous iron (III) nitrate. Compare it with beaker 1.

5) What is the difference?

..................................................................................................................

..................................................................................................................

..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................
...................................................................................................................
..................................................................................................................

.....................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

+C Increasing the concentration of thiocyanate ions

To beaker 3 add a little solid potassium thiocyanate. Compare it with beaker 1.
8) Were your observations in keeping with your predictions above?

..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 24 INTRODUCTIN TO EQUILIBRIUM

10)  How can this be explained?

..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................

"‘Add a spatula full of solid sodium fluoride to beaker 4. Compare it with beaker 1.
11) How did the colour of the solution change? '

...............................................................................................................
.............................................................................................................
...............................................................................................................

................................................................................................................

.................................................................................................................
................................................................................................................
..................................................................................................................

R R I I N I O I R R R S R T T T R R T YT

13) Fluoride ions do not react directly with the complex ions but they do react with iron(III) ions
to give a colourless, soluble product. What does the effect of fluoride ions show about the
reaction of iron(III) ions and thiocyanate ions to form the complex?
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Date _ ___  Name

This is an exercise in planning and demonstrating an understanding of the factors governing the
position of an equilibrium.

ASSESSMENT

This practical will be assessed for Planning (a) on the way in which you identify the problem you

are to study and the relevant variables. It will also be assessed for Planning (b) on the
racticability of the method you suggest.

o Defining a problem or research question

¢ Relating the hypotheses or prediction to the research question

¢ Selecting relevant variables

. Designing a method with appropriate apparatus/materials

o Designing a method for the control of the variables

s Designing a method for the collection of sufficient data

Identification of RESEARCH PROBLEM

1. You will first need to identify a suitable equilibrium system to study - one in agueous solution
will probably prove simplest. Those involving weak acids and bases, sparingly soluble salts,
the formation of complex ions by inetals are all possibilities. The most important thing is to be
able to easily make a qualitative assessment of the position of the equilibrium in the system.

System to be studied

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

2. You will then need to consider the variable that you wish to manipulate, the one youn wish to
observe and the other variables that will need to be controlled.

3.
Manipulated (Independent) variable

................................................................................................................
...............................................................................................................

................................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................

...............................................................................................................
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Investigation 25 PREDICTING CHANGES TO EQUILIBRIUM

4. Finally you should use your knowledge of such systems to hypothesise the way in which you
would expect the change in the conditions you intend to make to affect the equilibrium position
and hence the observable characteristics.

Hypothesis:

..................................................................................................................
..................................................................................................................

..................................................................................................................

METHOD
You are expected to write your own method below giving full practical details of amounts,
concentrations, times, apparatus to be used etc. Provide and attach your own paper please.

Some of the questions that you will have to ask yourself are:

1. Will the system be in equilibrium under the suggested conditions?

2. How amI going to monitor the characteristic that indicates the position of equilibrium?
3. What precautions are necessary to ensure that only one variable is being changed?

4. Will the change made be sufficient to produce an observable effect?

‘DATA COLLECTION and ANALYSIS
~What did you observe when you carried out your practical? What did this indicate?
~(Use extra line or graph paper if required)

EVALUATION
How successful was you experiment? ‘What were the problems? How could/did you modify it to
overcome these?
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Acids have a number of reactions in common. This practical studies these and also compares the
behaviour of strong and weak acids and bases.

ASSESSMENT
The practical will be assessed for Data Collection on the accuracy of your observations and Data
Processing and Presentation on your explanation of these results.

e Collecting and recording appropriate raw data

e Presenting raw data allowing easy interpretation

e Processing raw data correctly

o Presenting processed data appropriately

Wa‘rning Please take care, some of these chemicals and
techniques are hazardous :

METHOD

1) Use narrow range pH paper to measure the pH of 0.01 M hydrochloric acid. Repeat this using -
0.1 M hydrochloric acid, 1 M hydrochloric acid and 1 M ethanoic acid.

2) Put some distilled water into the conductivity apparatus and take the reading... Now repeat this
with 0.01 M hydrochloric-acid, then 0.1 M hydrochloric acid, 1 M ethanoic acid and finally 1
M hydrochloric acid, being careful to rinse the apparatus with the next acid before filling it and
taking the reading.

3) Repeat 1) and 2) using aqueous sodium hydroxide instead of hydrochloric acid and 1 M
aqueous ammonia instead of ethanoic acid.

4) Put a 2 cm depth of 1 M hydrochloric acid into a test tube and then add a small marble chip.
Repeat using 1 M sulfuric acid, 1 M nitric acid, 1 M ethanoic acid, 0.1 M hydrochloric acid
and 0.01 M hydrochloric acid. Compare the rates of reaction.

5) Put a 2 cm depth of 1 M hydrochloric acid into a test tube and then add a 1 cm piece of
magnesium ribbon. Repeat using 1 M sulfuric acid, 1 M nitric acid and 1 M ethanoic acid.

6) Put a 2 cm depth of 1 M hydrochloric acid into a boiling tube and add a small amount (just
enough to see) of copper oxide. Warm the boiling tube gently until there is no further change.
Repeat using 1 M sulfuric acid, 1 M nitric acid and 1 M ethanoic acid.

7) Use a measuring cylinder to put 10 cm’ of 1 M hydrochloric acid into a small conical flask.
Add a few drops of phenolphthalein indicator to this.
Add 1 M aqueous sodium hydroxide from a burette, recording how much is required to
produce a permanent pink colour.
Repeat using 1 M sulfuric acid, 1 M nitric acid, 1 M ethanoic acid, 0.1 M hydrochloric acid
and 0.01 M hydrochloric acid.
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Investigation 26 A COMPARISON AF STRONG AND WEAK ACIDS

DATA COLLECTION
Record the results of your practical in a suitable form on extra pages as required.

DATA ANALYSIS
a) How did the pH value of the hydrochloric acid vary with concentration?
Was this what you would have expected? Why?

........... R R R N N T T O O L L R e I R I S J
cesesae Grersesssecerarcareirassens stersesccanes ereven tesevane sesentsesceanne trevesresstertessnes Pessseetenanes eeee
.............. B R R R L R T R R R R L R R T R R R R P
R “esencartanscens sresessanavesensronsarne seesssasrrarcsease sesesessnae sestsanee secesstsssrconsenae srecrsae

b) How did the ethanoic acid compare? Can you use these data to estimate what percentage of
the ethanoic acid is ionised?

secesssssee R R R tesevueneracs sasssssssiancearrreccans seccarscrsnnavas tessvecans esecsesssevansy esceaves
tesenvessses sessesrans teetsccacsanccrsncannns sessercas tessccsvessancen srscesncernn sarssesaven sssescscsctcsscans ‘e
..... P I R R R I R T R R R R R R R L L R R I I
sesevessteesan sreseansn dasstasesrretannnes seresvecacrcrosscans R N R R TR TR Ry Aesecccssesssnanss srseraannan vse

sssecssesroen 4esecccnsnee sresease R R R R T L R R T R crseene sesssssesresessenns Hrsearesesescane
......... D R R T L L R T O R R R R R R LR R L L LR R SN
.............. G e aarassrsssnsacesteataseristoansesvtssststnttoacartttossstreroatsatesestarasnssttsencttetateat sttty
..................... T R R N N O T O R R I T R Y

............ P L R R T T R N R L R R R R L K R T PP R P
“esessrescssetesasnan sersssee trescsssesmecranns svesssccsaseas ssesescee wreessesasseerssaressssssarvenas avesrsasa seew
......... P P R R N T Oy I I R S R R I T
sesresesscassenns Peerstasitasssasantasanne teeresssansane sesescn R R X R TR T RN seseacan veas e R

e) In a similar way, explain the differences in pH and conductivity that you observe with the
various solutions of sodium hydroxide and ammonia

cessave seessnee tresecrenane 4essacessocanan cevsoan tarssrecstranssrescsns tamsscescrasans R LR Y avseasee cese
seseses soeeas evececas secsesn eeasee secnan sesessessucsravesnanan sesetsscescancs tevesress sesesrsnae teverssraeana tesenen
........ R R R N N T e R N R R I T
teseases veasase ressenvesancnns seaseces sasseeccas sesrans cesrraaces seasevesen eonsen csvsvreersme sarasse “ssrtessncens .o

f) Can you explain the order of reactivity that you found for the reaction of the various acids with
the marble chips?

A Portfolio of Investigations for I.B. Chemistry. © Green. J. and Grelg. D Australia 2001 101
This sheet may only be photocopied and used according to the Conditions of Sale.



Investigation 26 A COMPARISON AF STRONG AND WEAK ACIDS

g) Write an ionic equation for the reaction of an acid with a marble chip.

h) The sulfuric acid may have reacted in an unexpected manner with the marble chip.
What caused this behaviour?

......... ee s essentivsuerinatcesecasetesooatie antre e te et et te et et tar o earetrtess et ttesnanettesesttos sennetbns

....... s eeuesseasnaracocteranesetnrne e tetanetraaeae I restataateseeeteeereneneoteaateroiattatettbo et e cuneranas

terecreccscrancecsrateenae PRSPPI coresronn seeerenrnaes seassasearann sesene tresseneen tesasrsenacans Ceseeresanasnan e

cesaraes ceeveansanans ceevseveesrans vesesssane cseane cerersneas cesenane Festesasesneanas tetecsacacsiscersortnan venviae
-

i) Was the order of reactivity of the acids with the magnesium ribbon similar to that with the
marble chip?

PR N secanse seseseseseetastretteretrreaseserasssssnes Terssevsannne secrreceentoransne vesssecrensonne “ee
PR “secesecssessrcocans 4resssssrssrasnnonns sressrarsrraa sesrssencvarves saesesesaen Pessaesecnetecaaren tevacasse “es
ssevna recscn seaserssens avecsssoenasan stsestnsanasresnsenrensnaone tsesene Caseseacesornsees Ceseesesrira Petcensance v
cssrresssascese seseneresssnns tesacseressesesecnrnne sescena “ssresssasrennnse PN P R N T Sy

k) How did the rate observed for 1 M ethanoic acid compare with that observed for the other
acids of a similar concentration. Explain any differerices.

.................. R R R L R R R R R R L LY R I
teacaseennosvrcane Sescereatnann seerrreceveae R R R R R T T O N LN veaee
................ R R R T R O T T O B R T S N T L T TR T
........ P R I I I O I I N O O T R e I R R Y

common?

...... P R e T e X T P U R T P
.............................. P X R R R R L R R R R P TR T
teesransres R R R R R R R R seseervserrencane teseavesesstesrsannranr secserreseenas “essanssacccns vee
vesvasscressesven sesreveastsacusneas sssesecsssecns 4esseecssrsactescsanena I R R N R T R

m) Write balanced équations for each of the reactions and name the salts formed.

with hydrochloric acid
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investigation 26 A COMPARISON AF STRONG AND WEAK ACIDS

with nitric acid

with ethanoic acid

.......... R R R T R I T I O S T T S S

n) Write an ionic equation that could replace all of the equations above.

them?

p) Why did the sulfuric acid require more alkali than the others. Was the volume required about
what you would have expected?

q) Why did the more dilute samples of hydrochloric acid require much smaller volumes of the
alkali?

teasacenersoasnsn treveane tecenesransaasees ersacnse tessasesscsnsvrsesssaacnonnne sassersescsrsaasans ceassee seescirvaes
.......................................................................................... R I N I
“tseecsssesnnsssastcsnane sasssseanmrs veresestasenae vresvsesnrsne eresncncanen vaseee Yessesartssssasessroencerana ven
Msersessersarcsrsesesusanne sscsasssrenanane ereens sesevecesnsrsnensas tasersvercssssscnrrreacrens secsenn “rssenane coee

r) Why was the ethanoic acid similar to the other acids of a similar concentration on this

occasion?

................................
....................
e aeeaerreerenaaee e, et rrareraaeaas e, eereenereiaans eerrereaeaan, ..
ettt eerreraanes ereeeaann eeareriaanan errreieneraeeees e teere e et

t) All acids undergo certain characteristic reactions. Suggest, from this practical investigation,
what some of them might be.
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Investigation 26 A COMPARISON AF STRONG AND WEAK ACIDS

u) Ethanoic acid is a weak acid, whereas hydrochloric, sulfuric and nitric acids are strorg
acids. What does this mean and in which parts of the practical was this difference apparent?

....... R R I I I R R LR LR L R T T ar e,
.......... I T T L R R R R A R T L X PR
sasseseseracens Gessecearesvene sesssesacss recsesesasnres 4resesrsecssacsascessonernaa srssrasnse Seecstrenstta testanren
................................................ R R D S
.............. T R L L R e R R R R S Sreecrencecr e n et
................................... R R R T T o T
................ F S T L R N R R R R R T Y

v) What is a base? Name three substances that have acted as bases in the reactions carried out in
parts 3) to 6) and explain how their behaviour shows they are bases.

..... D L R L R R R R R T
besasvessssarane Cesrsresenseserrresesstssnoneanorn tecesane cresarrenne esrscecscrsecasnesestratascassr et tenscrana
Yeveceatnocanans R R R T P TR T R sessesasensas P Caesscasesesrtrenrrestearestsstacnan s
...... D S R T R T T T
.................................. P T T T T T T A S S
..... R R R T R e R R L L R T R R R e

sessseossens Seesctoncrserestrcacrsascsnnrons R R R R R T R R R L L R sresen

w) In reaction 3) did the magnesium act as a base? Explain how you reach this conclusion. If this
was not an acid-base reaction, what kind of reaction was it?

.................... F S L R L L R R T
............ R I I I T N R R R R T N R R I S e
........ LR S L L R R R I Y R R R T T T
...... R R I N O O T R R O R R R R I I
........................ R R O R R R LR R R LR R L R T PP
.................................. R R e R R N R R R I
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COMMON OXIDANTS AND REDUCTANTS

The object of this experiment is to carry out a number of redox reactions involving common oxidants
and reductants. To observe the changes that occur, to interpret these in terms of the reactions
occurring and to write balanced equations using the half equation method.

ASSESSMENT
The main focus of this assessment will be for Data Collection on the accuracy of your observations
and for Data Processing and Presentation on your interpretation of these results.

Collecting and recording appropriate raw data

Presenting raw data allowing easy interpretation

Processing raw data correctly

Presenting processed data appropriately

Warning Please take care, some of these chemicals
and techniques are hazardous
QUGGLES
METHOD '
1) Put a 2 cm depth of aqueous iron(IT) sulphate into two separate test tubes. Add an equal volume of
hydrogen peroxide solution to one and then warm it for a minute. Finally add aqueous sodium

hydroxide to both test tubes until permanent precipitates form. Leave these to stand until the end of - -
the practical and note any further changes that have occurred.

2) Put a 2 cm depth of aqueous copper sulphate in a test tube and add a small piece of granulated zinc.

3) Put a 2 cm depth of aqueous potassium iodide in a test tube and add chlorine water a little at a time
until there is no further change.

4) Put a 2 cm depth of aqueous potassium dichromate(VI) into a test tube and add aqueous sulfur
dioxide a little at a time until there is no further colour change.

5) Put a small piece of magnesium ribbon into a test tube, add about a 2 cm depth of dilute
hydrochloric acid. Put your finger over the end of the test tube and test the gas with a lighted splint.

6) Put a 1 cm depth of potassium permanganate(VII) solution into a test tube and add a 2 cm depth of
dilute sulfuric acid. Now add a 2 cm depth of aqueous ethanedioic acid (oxalic acid, H,C,Oy;
CARE - POISON!) and warm gently. "Pour" the gas evolved into a second test tube containing a 1
cm depth of limewater and gently shake the limewater.

7) Put a 2 cm depth of potassium permanganate(VII) solution into a test tube and add a 1 cm depth of
dilute sulfuric acid. Now add a 2 cm depth of hydrogen peroxide. Test the gas evolved with a
glowing splint.

8) Put a 2 cm depth of water into a test tube and add a spatula full of calcium. Place your thumb over
the end of the boiling tube and test the gas with a lighted splint.
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Investigation 27 COMMON OXIDANTS AND REDUCTANTS

DATA COLLECTION and ANALYSIS

For each of the reactions
a) Observation - accurately record your observations.

b) Interpretation - from these deduce the changes occurring and hence what was being oxidised and

what was being reduced.

c) Balanced equation use the half equation method to write a balanced equation for the reaction.

Iron (ll) and Hydrogen Peroxide
Observation

.................................................................................

.................................................................................

.................................................................................

.................................................................................

.................................................................................

.................................................................................

..................................................................................

.................................................................................

.................................................................................

Zinc and copper(ll)
Observation

.................................................................................

.................................................................................

.................................................................................

.................................................................................

.................................................................................

.................................................................................

................................................................................

................................................................................

.................................

.................................

.................................

.................................

.................................

.................................

.................................

.................................

.................................

.................................

.................................

.................................

.................................

.................................

.................................

................................

..................................

..................................
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Investigation 27 COMMON OXIDANTS AND REDUCTANTS

Chlorine and iodide

Observation
Interpretation

e eeeeiens R R R R R R S N R R RO R R
Oxidised - ...c.eveveeienienennn.. Reduced .........oooooiiie. e,
Balanced equation:

Dichromate(VIl) and sulfur dioxide

Observation

Interpretation

Oxidised - ............ rereaaans ceeaes eereeeeeans Reduced - .......... rreenieenans
Balanced equation
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Investigation 27 COMMON OXIDANTS AND REDUCTANTS

Magnesium and hydrochloric acid
Observation

..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

Permanganate(VIl) and ethanedioic acid

Observation

Interpretation

Oxidised - ..covviviiiiiii e Reduced ..ooovvvrnnniiiiiiiiiiiiiiiineenns
Balanced equation:
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Investigation 27 COMMON OXIDANTS AND REDUCTANTS
Permanganate(VIl) and hydrogen peroxide

Observation

............................... ettt e e e h e ettt et b et ettt eban et et et tn anenarnn
eereraenes PPN e e e eeenn R
et eeteeetataneneean it a e eaaaas e eer e e fererierieres e ens s
...... et e et et enea ettt ettt e e teeu e et e e e a et et et aehea et aste e s aene araraans
Interpretation

reeerenes e et eaea et e e renenas eereeaenns .
e e e e et e e e e,
et PPN e O P

R R R R L LR L R R R R I sesrsssecasessacerane teesecsacsrsrasoans teesescasssanee
Pevesessaessestsaassssrastansans evestesmersrerassenas tecrsecsan sessersvsassrsccsssana tasetrsesesesnrentontroan CEERY
e tesesssssesssianoesattaasenaarssssrtbtonsonbsvany D L L R R I R IR Y ave

Calcium and water
Observation

D R R R R R R TR R R R R DY Geaasvearreansenaccsvannns sersrseas serssenaen sessresesrsonannan
................................ R R R R N R L R R R R R R I R
........................ P R L R R T R I D R S P A
seecosaae seeressans 4evecesestsantnccsecrsrnan “eraseecsscnranasanes secrmssctacncnrens aesesrsetnscenransann svesaarvena

...... R N R L T T R R R R R RN
...... R R R R I N N R R R I R R I I N
ssatresresssrecacsssavan tevrsnccone R R R L L R TR vrssaseserrvacase Gesessssareeas sernesas sresee

...................... R R R O R I e R R R R T LR R TR R P
................................................... R R L T I R R L L
.......................................... R R R R T O O O RN T N TR A P,
............ R R R R R R R R R I R L R R N R R S R L R R
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This practical is designed to compare and contrast the behaviour of different classes of
hydrocarbons.

ASSESSMENT
In this practical you will be assessed for Planning (a) on your suggestions for testing the

unknown organic substances, Data Collection on the accuracy of your observations and Data
Processing and Presentation on your interpretation of these.

¢ Defining a problem or research question

¢ Relating the hypotheses or prediction to the research question

e Sclecting relevant variables

o Collecting and recording appropriate raw data

o Presenting raw data allowing easy interpretation

¢ Processing raw data correctly

» Presenting processed data appropriately

Warning Please take care, some of these chemicals and techniques
are hazardous

GOGGLES ¥

METHOD and DATA COLLECTION

1) Put a few drops of cyclohexane on a watch glass or evaporating basin. Make sure that the
bottle is well away, then, preferably after transferring it to a fume cupboard, ignite the liquid.
Note the flammability and observe the nature of the flame produced. - Repeat this using firstly
cyclohexene and then methylbenzene (toluene) instead of cyclohexane, comparing the different
hydrocarbons with each other. Record your observations below.
Cyclohexane

..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 28 SOME REACTIONS OF HYDROCARBONS

2) Put a 1 cm depth of bromine water into two separate test tubes and add a few drops of
cyclohexane to each. Loosely stopper the tubes, shake them and observe what occurs. Repeat
this with a second pair of test tubes, but this time adding cyclohexene rather than cyclohexane,
Now place one of each pair of test tubes in a dark cupboard and the other in bright sunlight,
then leave for about ten minutes. At the end of this time observe again and test the gas in the
test tube with a piece of filter paper dipped in aqueous ammonia.

Cyclohexane

...............................................................................................................
...............................................................................................................

...............................................................................................................

...............................................................................................................
...............................................................................................................

...............................................................................................................

3) Put a 1 cm depth of acidified potassium permanganate into a test tube and add a few drops.of
the hydrocarbon. Shake and record your observations carefully.
Cyclohexane

................................................................................................................
...............................................................................................................

...............................................................................................................

...............................................................................................................
...............................................................................................................

...............................................................................................................

4) If you were provided with an unknown organic compound and these reagents, what could you
determine about it?

Research question

...............................................................................................................
...............................................................................................................

...............................................................................................................

...............................................................................................................
...............................................................................................................

...............................................................................................................

...............................................................................................................

...............................................................................................................
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Investigation 28 SOME REACTIONS OF HYDR OCARBONS

Now carry out your suggestion on the samples provided and record the results.

RN e e v eenas
.......
..............................
.............. e et e et et e e A e b ea et e ea s a et s ettt tane raanaas
.............
........
e e e e B, e
O RN e s e
e e e e e
...................................
........
.......
............. B T OTEP PPN
...............
.......
ST e PR UPTOPI e
..............
DATA ANALYSIS

a) Calculate the number of hydrogen atoms per carbon atom in the three known hydrocarbons
used. Does this correlate with changes in the nature of the flame in the first part of the
practical?

seesenes sacavanee sssennessne Gassssarererareseoanrosunan sereceserecesnone I .
teseene neasereve terscecccrsenann sseecns sessncas seseransrsesesecren “sreenanee 4ssvessnene sressasans ttescsencsrnnn
............. R R T T R T I T N Y
.............. R L R R N R R R R R O L L L R R R L LT Ty
............. R R R R R R R R L R R O R L T T R DI IR
................................. DR R R R R R T R R R I S P

b) Write a balanced equation for the complete combustion of methylbenzene.

............. R R I R I R R R L R R RN R R R e A

c) Did this seem to occur? What was your evidence?
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Investigation 28 SOME REACTIONS OF HYDROCARBONS

d) In what way would the products of combustion differ from those of complete combustion?
Write a balanced equation for the reaction that gives these products from methylbenzene.

...............................................................................................................

...............................................................................................................

e) For what reasons might complete combustion of a fuel be preferable to incomplete

combustion?

...............................................................................................................

...............................................................................................................

f) How would you try and modify the way in which methylbenzene was burnt if you wished to
achieve complete combustion?

...............................................................................................................
...............................................................................................................

...............................................................................................................

g) Write a balanced equation for the reaction of bromine water with cyclohexene. To what class
of reactions does this belong?

...............................................................................................................

...............................................................................................................

h) Explain the immediate changes that you observed when bromine water was added to
cyclohexane.

...............................................................................................................
................................................................................................................
...............................................................................................................

...............................................................................................................

...............................................................................................................
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ammonia.

...............................................................................................................

...............................................................................................................

k) Write a balanced equation for the reaction of cyclohexane with bromine in the presence of
sunlight. What class of reactions does this belong to?

...............................................................................................................
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Investigation 28 SOME REACTIONS OF HYDROCARBONS

) What other products might occur in small traces with cyclohexane? If this compound were left
in the presence of light and a large excess of bromine for sbme time, what would be the

eventual product?

..................................................................................................................

m) Explain why you might have predicted the reactions of cyclohexane and cyclohexene with
acidified potassium permanganate. To what class of reactions do you think the reaction
between acidified permanganate and cyclohexene belongs?

...............................................................................................................
...............................................................................................................

...............................................................................................................

n) Explain the distribution of the colour between the aqueous and non-aqueous layers when
aqueous permanganate is mixed with cyclohexane.

................................................................................................................
................................................................................................................

...............................................................................................................

...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................

...............................................................................................................
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Date Name

Tn this practlcal you will investigate the three dlmensmnal nature of orgamc molecules and some
of the consequences of this.

ASSESSMENT
This practical will be assessed for Data Processing and Presentation on the way in which you use

the models you make, to answer the questions posed and Manipulative Skills on the skill and
accuracy with which you construct the models.

Processing raw data correctly

Presenting processed data appropriately

Using techniques and equipment in a safe manner

Following instructions accurately and thoughtfully

a4

METHOD

In building these structures, as in all organic compounds, carbon atoms (often black) must have 4
bonds, nitrogen (often blue) 3 bonds (unless it is part of an NO, group), oxygen (often red) 2
bonds, hydrogen (often white) and halogen atoms (often green) 1 bond. The structures can of . .
course contain double and triple bonds.

2 or 3 dimensions?
We draw organic structure in two dimensions, when in practice they are of course three
dimensional. This can sometimes lead to confusions!

Build models of the following pairs. Are they the different, as they appear on the drawings? If*
not, why not?

a) (IZI II-I
H— |C Cl and Cl-—?—Cl
H H
b) I|-I
H—C—H
| H H H H H H H H
| I
T T T
Explanation?
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Investigation 29 MODELS OF ORGANIC S TRUCTURES

Structural isomers

Isomers are compounds that have different structures, but the same molecular formula. Isomers
have different physical properties, because of their different shapes, polarities etc. and they may
have different chemical properties if they contain different functional groups.

Try building as many different structures as you can with the formula C;H,;0O. Draw diagrams of
each structure and number these. Try to group together the different structures that you produce

and describe the way in which the structures of the different isomers are related.

Drawings of structures:

Total number of isomers?

Proposed groupings?

..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 29 MODELS OF ORGANIC STRUCTURES

Geometrical (cis-trans) isomers

Make a model of 1.2-dichloroethane and 1.2-dichloroethene. Are two structures possible in
either case? If they are, draw these and explain why they are possible. One of your structures is
called the cis- isomer, the other the trans- isomer. Find out which is which and label them.

Can you make other isomers (not necessarily 1.2-) of these.compounds? Draw these structures:

Are there cis- and trans- isomers of these? Explain why or why not.

..................................................................................................................

D I R R I I R I I I R N R A R I A I I R R R R R Y RN ]
..................................................................................................................
..................................................................................................................

..................................................................................................................

Consider all of the structures that you have drawn. Which would you expect to be polar
molecules and which non-polar?
Polar:

..................................................................................................................

..................................................................................................................

..................................................................................................................

..................................................................................................................

A Portfolio of investigations for 1.B. Chemistry. © Green. J. and Greig. D  Australia 2001 117
This sheet may only be photocopied and used according to the Conditions of Sale.



Investigation 29 MODELS OF ORGANIC STRUCTURES

A similar type of isomerism exists in molecules that contain a ring of carbon atoms. Considering

this, how many possible isomers are there of (CHCl) 1.2.3.4.5.6-hexachlorocyclohexane?

Enantiomers (Optical Isomers)
It is possible to make two model of the molecule below that are not exactly identical.

1 H
|
H—0—C—C—H
|
H H

Make models of these and describe how they are related. Try and draw diagrams that give a
3-dimensional feel about the differences between them.

If you replaced the -OH by another H, would you still be able to make two different models?
Explain the conditions required for two different structures to exist.

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

The molecules represented by these models are very similar and only have a very minor difference
in their physical properties. Find out what this difference is and write it down, being very careful
to express it precisely.

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................
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Investigation 29 MODELS OF ORGANIC STRUCTURES
Find out what is meant by the following terms that relate to this kind of isomerism:

Asymmetric carbon atom

....... e et e aeeeeena e natantrane e taaateaan s tanaa et anaeearaeeat e aa e et st eaant i nneanaa
i, et et eereerenreanaaa. eeens e, et eearenaas
....... ettt e ettt et ettt ettt eean et ara et eranr e et at e ettt et et teeiaaant e aaaaaanaann
e e, . e S et S U,
Optically active

.....
eernann e e e rereaeeaa. ereenes e eerrreerrranans e,
e, eeeeeaens e eeeeeriaaeen, v e et trereeieerareaeaa., .
e e, e s evreaaas e e, e e cereeens
Racemic mixture

s s ettt et eaeateaaeenetentenneeneeteateeeeanterneetaraeeaeinteanaanaanaaraann s
e e et e e et e ettt a et e e eeaeaneeea oo
erareeeeas et eaeeaanaas ettt eeeae e era i e eaen e ian e ..
e ettt et e eereeae e eaaaaaaaaas e e e ..

This last concept provides a way in which a product extracted from a natural source-can often be - - .
distinguished from one that is prepared synthetically. Explain how.

eerecarerese
esessnerseranane aserseserasnn teassssecsa tmeessrerenas “sevevrscsstsoaccn saserananean beasrsenrsrsracvasnanavean sersene
....... P L R R T T R R R R R N R LR T R R T s
B R A L R R R R R R I P R S vesescecns feescsrsestrnssssasonacseartasnnsoe vasvess cesmcsee
....... PR R R T T T I R S L R R R LR R T R R
..................... R R Ty R R R R R R R L
.................... R R L e I L R R R R R R R NN
......... P L R R R T T e R R R R R R O R R R TR TR R
..... R R N I O T T R R R R R R R T T
B R RN R T R R taesesecaae asescsevescecareons sasesreesenen taesrreertratncanresetansnr e niany “ee
.................................... PR R I L L R R L L R R R R L R L T e
#vesecanersersssserttrsss st enan “serarceannas P R T R R RS R Serstertesrt sttt et aeananansa ek s
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Date Name

desired organic compound by a suitable reaction and then to isolate this product from excess
reactants, the other products and the products of side reactions. Ideally this should result in a
high yield of the pure compound.

ASSESSMENT

This practical will be assessed for Conclusion and Evaluation on your assessment of the
technique including ways to improve it and Manipulative Skills on the yield and quality of your
roduct, coupled with the skill that you show in handling the apparatus.

e Stating a valid conclusion based on interpretation of results

¢ Evaluating the procedure including limitations and errors

» Suggesting a modified procedure to improve the investigation

¢ Using techniques and equipment in a safe manner

» Following instructions accurately and thoughtfully.

Warning Please take care, some of these
chemicals and techniques are hazardous

METHOD '
1) Measure 12-.cm’ of water into a small beaker and add to this, a little at a time and with constant
stirring, 6 cm’ of concentrated sulfuric acid (Care!). Cool the diluted acid to room
temperature and transfer to a
50 cm’ Quickfit flask.

2) Measure out 12 cm® of 2-methylbutan-2-ol (tertiary amyl alcohol) and add this to the flask a
little at a time, swirling the contents between additions.

3) Set up the Quickfit apparatus for distillation with a thermometer, using a test tube cooled in
iced water as the receiver.

4) Heat the flask with a beaker of very hot water (Caution - no naked flames near the apparatus
as the vapour is highly flammable) until no more product distils over. Record the temperature
at which the product distils. You may need to periodically renew the hot water.

5) Transfer the product to a 10 cnr® measuring cylinder and record the yield of crude product.
6) Add one drop of your product to a little bromine water in a test tube.

7) If time allows, the crude product may be further purified by
i) Shaking with 2 cm’ of aqueous sodium hydroxide.
ii) Separating the product from the alkali, using a separating funnel.
iii) Adding a few granules of anhydrous calcium chloride and leaving for an hour or two.

iv) Redistilling the product using clean, dry, Quickfit apparatus.
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Investigation 30 PREPARATION OF A LIQUID ALKENE

DATA COLLECTION

Crude product Purified product
Boiling point = °C = : °C
Volume = e’ = cm®
DATA ANALYSIS

a) Calculate the percentage yield of the crude product, based on the amount of alcohol taken.

[Densities: 2-methylbutan-2-ol = 0.806 g cm™; product = 0.662 g cm™]

..................................................................................................................
..................................................................................................................

..................................................................................................................

..................................................................................................................
..................................................................................................................
...................................................................................................................

...................................................................................................................

b) Suggest two possible structures for the alkene produced.- In'what ways in might you attempt:- .- -
to discover which is formed, or the composition of the mixture if this is the result.

...................................................................................................................
..................................................................................................................
..................................................................................................................
PR R R R R R R R R R R R L R R R R T R

..................................................................................................................

..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

d) Explain the role of the following in the final purification of the product:
i)  Aqueous sodium hydroxide.

..................................................................................................................

..................................................................................................................
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Investigation 30 PREPARATION OF A LIQUID ALKENE

ii) Anhydrous calcium chloride.

e e veeenanas e reereeiaaaaaanas veeeeeae e eeeeteeeeeteneaeareaaeaeanaaaaais —eeenns

e e e rreieeaenea. e eerraraeeearaaaaas eeeaeereraretaaanans eevrereeateaa.

............ r et eateteeteeeaeteneeeeetteteentheenteateteeeaateathtatee et e aenta et arr et aerann
i) Redistillation.

reereeanes eeereenanas e erereraraieeneans et eaaaaas et ieeeeeteeaaerraaaaas e ereaens

......

.....................

sresecsssccecrsrnanan sesesssasenae sesssen sesnresanne sssasecrascancns secesenviens D R R R ) seerevsn
..... L S R L T R R E R R R R T A D S S P
................... F N R R R R L T T T T I

............ P R T T T S R R e R R R I IR u
.................................................. R R R R R R e R R R R L R R R R S e,
...................... R R R O T e L R e I e LR L L RN T T T Py
......... R R R N I I I B N L L R R RN R TR T

h) Assuming that your yield was less than 100%, what do you consider were the probable reasons
for this? . :

................................................ R R R R R K TG
IERETR trsseseaas tesesavserenscsencan sesresessesessnsansens beresineveanne taseccscsccreresnensraennnn vescrrarecane sae
................ R R R N R R S R R R R R R R R I PR
.................... R R N I O T N e R R R L R R N S R R TR R Ry

................................ R R R R L R R I R R R PP AR
............................ R R R R O LR L T T TN
............ R R L L R I R R R R R R N R R e R N T R
.................. R R R R T R R R L R R R D N S
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INTERNAL ASSESSMENT PROCEDURES

The following information has been prepared by the Editor of this series, in conjunction with the
authors of the various Portfolios in this series. We would like to acknowledge the assistance and
advice given by a Curriculum and Publications officers of IBO and the following extracts are
published with their permission. The other information is not IBO policy but is our interpretation
only which we offer to you in good faith. However we realise that interpretations and
procedures vary and will change as the courses develop and we can take no responsibility
whatsoever for any consequences arising from the use of this interpretation. If in doubt please
consult the relevant IBO Internal Assessment documents or seek advice from IBO.

Information for teachers

The process of skill assessment can be onerous. To make your work as simple and easy as
possible, we have devised an Assessment Table which shows the & skills together with the
relevant criteria and also includes a space for you to record whether students have demonstrated
these ‘completely’, ‘partially’ or ‘not at all’. There is also provision for you to record the Level
awarded for each skill, in each investigation. An ‘Assessment table’ is included in the Student
Portfolio together with some advice for students. We have also taken sections of the table and
included them within each Investigation'so that the students are aware.of exactly what -will be
assessed. Of course this is advice only-and in no way prescriptive. Teachers may wish to use. the
Investigations to assess other skills or may wish to keep a record of progress in other ways.

Teaphing Notes

On the following pages there are a collection of notes for the information of Heads of

Department, Teachers and/or Laboratory Managers that will help in getting each practical to run

smoothly. ‘We realize that Health and-Safety regulations-vary from country to country and we
strongly suggest that local regulations be checked and observed at all times. " Although these
Investigations and Teaching Notes have been prepared in good faith, absolutely no
responsibility whatsoever will be accepted by the writer, editor or publisher for the safe and
legal conduct of these activities.

They have been prepared in such a way that a teacher can photocopy them and complete the top
section as an easy way to order materials as required.
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Some additional notes from the Author

Many of these practicals were written before the re;ei;t IB “clarification” of thé skills and the
interpretation of Data Analysis fﬁ'ﬁa number of practlcals is ﬁérhapé}&her broader than the
current IB interpreltatioi;; In Data Analysis I also include the skill of being able to interpret the
results obtained in terms of relevant theory. This skill seems to be almost totally lacking in the
current IB interpretation, unless it is the first criterion of the Evaluation skill. Unfortunately
many of the practicals involved are test tube reactions, totally unsuited to the other two criteria,
so not really appropriate for assessing Evaluation. I have therefore left them as Data Analysis,

but you may prefer to omit them, at least for the purposes of the final IB mark.

With uncertainties, my personal approach is to cover the formal part early on in the course,
using gravimetric analysis, so that the students have the skills if they are required. I then do not
address the issue of the formal assessment of uncertainties in the other quantitative sections
because the random errors tend to. far. cutweigh the systematic.ones, hence I tend to'regard it as:
| rather a waste of time. If you prefer your students to always record uncertainties in -
measurement and hence the uncertainty of the final result, then please instruct them accordingly

- I think the Data Collection sections will still prove adequate.” - -
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus required ‘
As with all student planned practicals it is difficult to be precise as to the apparatus required, but
the following is probable:

Weighing bottles

Test tubes

Beakers (various sizes)

Conical flasks(various sizes)

Filter funnels

Filter paper

Evaporating basin

Centrifuge (if available)

Chemicals required

A range of cheap, readily available soluble and insoluble solids. Personally I would limit the
students to water as a solvent, but if you feel more adventurous you will also require supplies
of the solvents you are happy for them to use.

Notes _

Probable timing - 45 minutes planning, 75 minutes laboratory time .

This is fairly simple preliminary exercise. It should be useful for students who have little
experience of practical chemistry, or as an introduction to planning for those students who
have experience of laboratory work;, but little familiarity with planning it.

The amount of guidance you give with the planning is of course up to you and will vary
considerably from group to group. Similarly the variety of substances you make-available to
the students will dictate the degree of difficulty. Most would have some idea of how they
would expect to separate salt and sand, but many might be less certain about magnesium
carbonate and nickel sulphate for example. You may wish to have just one mixture, or you
can make a variety of soluble and insoluble substances available, yielding a much wider range
of possible mixtures.

It is easy to make this a little more challenging by having a few hydrated salts, or things that
decompose easily when heated. There is also the possibility of extending the exercise to use
non-aqueous solvents, though this may also increase the hazards as many are flammable and
recovery of the soluble component will probably entail the use of distillation apparatus. You
may also wish to introduce a centrifuge, or suction filtration as possible separation methods.
I would normally spend some time in one lesson introducing the practical and set the planning
for a homework exercise. I would then collect it in, mark and correct it (especially looking at
safety considerations) and then return it to the students the day before they carry out the
investigation, so that they have time to read through the changes.

With most mixtures, yields of both components should be good, watch out though for
>100% of the insoluble component owing to failure to wash the solid to remove the soluble
component. Salt hydrates and substances prone to thermal decomposition can also lead to
“interesting” yields. '
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus required

This will vary according to students’ plans, but probably a selection of

Burettes & burette funnels _ Pipettes & pipette fillers
Volumetric flasks Measuring cylinders

Weighing bottles Conical flasks

Beakers , Filter funnels and paper
Evaporating basins Top pan balance reading to 0.01 g
Centrifuge?

Chemicals required
This will depend on what is available.and what the students request. It would be useful to list
the materials available so the students can select from these. . . '
Appropriate materials would be:
The metal, its oxide and its carbonate for any of the following:

Magnesium, aluminium, iron, zinc, nickel, cobalt, copper etc.

(silver and lead are best avoided). -

Stock (5 M?) solutions of appropriate acids, such as

hydrochloric, nitric, sulfuric, ethanoic, citric etc.

Notes
Probable timing - 45 minutes planning, 75 minutes laboratory time

This is another preliminary exercise that is useful to introduce students to practical work and
also to introduce the planning of practicals. I also like this because many students have had
no experience of preparative chemistry and find that producing something at the end is very
satisfying. ' '

The amount of guidance you give with the planning is of course up to you and will vary
considerably from group to group. Similarly the substances you make available to the
students will to some extent affect the degree of difficulty. It may be advisable to decide
whether you want them to produce crystals (evaporate to a concentrated solution then leave
to cool), or whether you want them to produce a powdered product (evaporating to dryness).
You can do either on a water bath or over a Bunsen according to the thermal stability of the
probable products.

Personally I like to use copper, nickel, cobalt etc. because students find coloured products
particularly attractive. There is also of course a slight toxic hazard with metals such as these.
Some care is also needed with these and others that produce hydrated salts, and perhaps
nitrates are best avoided with all but the best students owing to the problems of their fairly
high solubility and ease of thermal decomposition.

I would normally spend some time one lesson introducing the practical and set the planning
for a homework exercise. I would then collect it in, mark and correct it (especially looking at
safety considerations) and then return it to the students the day before they carry out the
investigation, so that they have time to read through the changes.
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Day/Date of lesson Period Room

Teacher : No. of students/groups
Apparatus required (per group)

Boiling tube 2 x Test tube

~3 wooden splints

Chemicals required

About 20 g of each of the following: About 20 cm’ of each of the following:

Magnesium ribbon Dilute hydrochloric acid

Manganese (IV) oxide ‘(MnOy) Dilute nitric acid

Marble chips Limewater
1 mol dm? aqueous hydrogen peroxide
Dilute sulfuric acid

A few pieces of:
Red litmus paper
Blue litmus paper

Generally available: Cylinder of carbon dioxide

For the demonstration:

500 cm’® conical flask “100-volume™ hydrogen peroxide -
liquid detergent ~5 g "red lead" (PbsO4 powder)

Notes

Probable timing - 60 minutes laboratory time ‘

If you have a group of students who have hardly ever been exposed to practical chemistry
before, then this can be a very good starting point as it is relatively simple and it introduces
them to some very important gases. The effects of excess carbon dioxide and the reactions of
marble chips with other acids does extend it slightly and a few students will have to think, or
research, a bit to come up with appropriate examples.
Demonstration

WARNING - this involves 100-Volume hydrogen peroxide,
which is a very corrosive liquid, blistering the skin easily. Keep {DO
the students well back, do not allow them to touch the foam and == '
wear gloves on your hands, especially when cleaning up. Note too that “red lead” (Pb304),
like all lead compounds is quite toxic.

- This is an excellent opportunity for a “fun” demonstration based on the catalytic
decomposition of hydrogen peroxide. Put a couple of spatulas full of “red lead” into the
bottom of a 500 cm’ conical flask and add a good squirt of detergent and about an equal
volume of water, then swirl it around the inside of the flask. Support the flask on a tripod
over a sink (for easy cleaning up!), tip in about 25 cm® of the 100-Volume hydrogen peroxide
and stand back. You should get a pink foam serpent erupting out of the top of the flask. It
does work with manganese(IV) oxide, but I prefer the pretty pink produced by the “red
lead”
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Day/Date of lesson Period Room

Teacher No. of students/groups
Apparatus required (per group)

2 x 100/150 cm’ conical flasks

Filter funnel

Spatula

Suction filtration apparatus - pump, Buchner flask and funnel

Vial and stopper "

Wash bottle of distilled water

also generally available
Top pan balance reading to 0.01 g
Filter paper for both normal and Buchner funnels

Chemicals required
Mixture for purification (- 3 g per student)
100:10:1 approx. benzoic acid : charcoal : methylene blue

Notes
Probable timing - 90 minutes laboratory time

This provides a good chance to assess the manipulative skills of your students, as well as -
providing a chance to introduce techniques such as suction filtration. The colour of the -
eventual product gives you a good indication as to how successful they have beenat
eliminating the impurities, charcoal making the product grey and methylene blue imparting-a
blue colour. Yields are generally quite good, but can vary considerably. As is usually the
case a good yield is not infrequently at the expense of rather high impurity levels. One of the
real secrets is allowing the crystals to form slowly, but students are rarely patient enough for
this!
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus required (per group)
3/4 test tubes ;,
100 cm® beaker
Stirring rod

Chemicals required |
About 100 cm’ of each of the About 20g of each of the following solids labelled

following, per group: with the letter shown

Dilute nitric acid

Aqueous silver nitrate (0.1M) A Magnesium carbonate ,
Aqueous barium chloride or nitrate (0.1M) B Magnesium chloride q
Aqueous sodium hydroxide (1M) C Magnesium sulphate 4
Limewater D Aluminium chloride -

E Aluminium sulphate {
About 100 em’ of approximately IM (except E Iron(Il) carbonate
where shown) aqueous solutions of the following G Iron(II) chloride |
to share, labelled as shown: H Tron(Il) sulphate a

. I Iron(III) chloride.

“Carbonate” - Sodinum carbonate J Iron(III) sulphate ;
“Chloride” - Sodium chloride K Copper-carbonate
“Sulphate” - Sodium sulphate L Copper chloride . *
“Magnesiuin” - Magnesium sulphate M Copper sulphate .
“Alominium” - Aluminium sulphate N Silver carbonate 5

“Iron(II)” - Iron(II) sulphate 1
“Tron(IIL)” - Iron(III) chloride |
“Copper” - Copper sulphate e
“Silver” - Silver nitrate (0.1 M)

Notes

Probable timing - 120 minutes laboratory time (60 for each part) é

A very simple qualitative analysis exercise, but I have included it because it is amazing in {

these days of General Science courses, how many students arrive at their last two years of ﬂ

schooling without knowing how to test for a chloride, or for an iron salt. Students always

seem to enjoy the detective work in Part B! {
§
§
¢
{
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus required (per group)
Bunsen burner
Tripod
Pipeclay triangle
Crucible with lid

also generally available -
Balance capable of weighing to at least 0.01 g

Chemicals required

About 10 g per group of one or more of the following solids:
Hydrated magnesium sulphate crystals
Hydrated copper(Il) sulphate crystals
Hydrated barium chloride crystals
Hydrated nickel sulphate crystals -

Notes
Probable timing - 60 minutes laboratory time

This is a straightforward quantitative gravimetric exercise and should give good
results. If you use hydrated barium chloride, do not forget to warn the students
how toxic it is. '

T usually use a variety of salts and label them A, B, Ceétc. -

1 also use this practical to introduce students to the idea that there is a finite precision to
quantitative work, as a result of random and systematic errors. It is up to you whether you
wish to carry out a full treatment of how to handle the precision of measurements, or whether
you just wish them to work out the maximum error that the weighings could have produced
and the effect this would have on the final result. I also, perhaps more importantly, get
students to work through whether a particular possible error, such as spilling a little of the

solid, would lead to a higher or lower value for the final result,
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Day/Date of lesson Period Room

Teacher No. of students/groups
Apparatus required (per group)

Bunsen burner Tripod

Pipeclay triangle Crucible with lid

also generally available
Balance capable of weighing to at least 0.01 g

Chemicals required
Copper carbonate (~10 g per student)

Notes
Probable timing - 60 minutes laboratory time

This is very closely related to the previous practical. Because of the greater complication in
working out the required results I tend to prefer this with a more able group of students -

with very good students you could even omit the guidelines as to. how to calculate the result. -

If you were to do both, this one could be perhaps adapted as a planning exercise. “Copper
carbonate” varies quite a lot between suppliers, so you really need to do your own
determination to find out the “right” answer (or average out the results of your 2 or 3 maost
reliable students!),
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus required (per group)
Burette
Burette funnel
25 cm’® pipette
10 cm’ pipette
Pipette filler
100 cm® volumetric flask
250 cm’ Volumetric flask
Weighing bottle
2 x 100/150 cm’ conical flask

also generally available:
Top pan balance reading to 0.01 g

Chemicals required
Concentrated nitric acid (~10 cm’ per group) -
Solid anhydrous sodium carbonate (~10°g per group) -
[should be dried in.an oven at ~110°C for 24 hours] -

Notes
Probable timing - 90 minutes laboratory time

This is‘my.introduction to volumetric analysis. .I have not specified a particular method-.and I
find that many teachers have their own particular preferences when it comes to makingup - . . -
standard solutions etc. Besides which I prefer to demonstrate the “correct” (in my eyes!) use
of the apparatus and explain the reasons why I like things done in a certain way. Having the .
students write up the Method, should reinforce this information. As it is an initial exercise, T
Jead the students very much step by step through the analysis. At the end of the Analysis and
Evaluation are a couple of related calculations which should test the brighter students.
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Teacher No. of students/groups

As with all student planned practicals, it is not possible to precisely predict the apparatus required,
but the following are likely to be requested.

Apparatus required
Burette and burette funnel
Pipettes of various sizes and pipette fillers
Volumetric flasks of various sizes
Weighing bottles
Conical flasks
Beakers
Filter funnels and filter papers
Top pan balance reading to 0.01 g

Chemicals required
Ethanedioic acid dihydrate (~10 g per group)

N.B. Students arealso likely to request solutions of aqueous sodium hydroxide and
aqueous potassium permanganate. As the concentrations requested may vary, it will most
likely be simplest to have quite concentrated solutions available that students can then-dilute
as required. Students are also likely to request various acid-base indicators.

Notes _
Probable timing - 90 minutes planning, 60-minutes laboratory time

This is an exercise that I usually use quite near to the end of the two year course. By this
time, students should be able to come up.with a couple of possible methods, evaluate the
potential accuracy of both and write a practicable procedure for the preferred method. There
are plenty of options, both gravimetric and volumetric so they should not find it too difficult
to think of two possibilities. I would usually give them a short briefing and set them a
homework session to consider possible ways that they could determine the solubility. I
would then give them one lesson to produce the planning and a second lesson, after I had
evaluated their plans, especially with regard to safety, in which they could carry out their
determination.

Please be sure to point out to students the toxic nature of ethanedioic
(oxalic) acid.
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Day/Date of lesson Period Room

Teacher No. of students/groups

As the students plan their own practical, the precise apparatus and amounts of reagents they
will decide to use is difficult to predict. The list below gives the type of apparatus and
quantities of reagents that students are likely to require

Apparatus required
Burette
Burette funnel
Various pipettes
Pipette filler
Various volumetric flasks
Weighing bottles
Various beakers
Various conical flasks .
Top pan balance reading to at least 0.01 g

Chemicals required: .
Aqueous sodium hydroxide, approximately 0.1 mol dm™ (~300 cm® each)
Solid potassium hydrogenphthalate (~2 g per student): .
Solid citric acid (~2 g per student) labelled as “Acid X”
Phenolphthalein indicator

Notes
Probable timing - 60 minutes planning, 60 minutes laboratory time

I use this as a fairly straightforward planning exercise at the end of my volumetric analysis
section. As usual with planning, I get the students to write out their plan in one lesson, then
collect these in to check them for practicability and safety before allowing them to carry it out
in a later lesson.
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Teacher No. of students/groups

Apparatus required (per group)
Burette
Burette funnel
25 e’ pipette
10 cm’ pipette
Pipette filler
Weighing bottle
250 cm’ conical flask
100/150 cm’ conical flask
Wash bottle of distilled water

also generally available
Top pan balance reading to at least 0.01 g

Chemicals required
Standardised 1 mol dm™ hydrochloric acid (~300-cm® per student)
Approximately 2 mol dm® aqueous sodinm hydroxide (~200 cn?’ per student)
Solid ammonium sulphate, labelled "Fertiliser” (~2 g per student)
Bromothymol blue indicator (2/3 cm’ per student - can share a bottle)
Red litmus paper (~10 pieces per student)

Notes
Probable timing - 120 minutes laboratory time

This introduces the technique of back titration. - Being a rather more complicated procedure it
leaves rather more scope for student error, hence it is excellent for assessing their technique,
considering both their final result and the variation between different determinations. The
brighter students will have the sense to save time by doing the standardisation titrations
whilst waiting for the ammonia to boil off.
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Apparatus required (per group)
2 x 250 cm’® conical flask
50 cm® measuring cylinder
Filter funnel
Filter paper

also generally available
Top pan balance reading to 0.01 g
Oven at ~130°C

Chemicals required
Solder (~10 g per group)
2 mol dm™ nitric acid (100 cm® per group)
2 mol dm? sulfuric acid (55 cm® per group

Notes _
Probable timing - 60 minutes laboratory time .-

This is included as an.example of‘using a gravimetric iechnique for-analysis. It is fairly simple -
and straightforward, so should yield good results.

It does however need to be spread over a number of lessons.  The solder should be mixed - .-
with the nitric acid and left overnight to react (preferably in a fumie cupboard). The bulk of
the practical can be carried out in the next lesson, but the final weighings are most likely -
better left until the filter paper has dried overnight in the oven. .
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The laboratory will need to be blacked out for this practical to be really successful.

Apparatus required (per group)
Hand held spectroscope
2 x watch glass
Nichrome wire
Bunsen burner

also generally available
Gas discharge tubes (sodium, neon, argon, mercury, hydrogen etc.)

Chemicals required
About 10g in total of each of the following solids:
sodium chloride
potassium chloride
calcium chloride
barium chloride.
copper(II) chloride
lithium chloride
strontium chloride

Dilute hydrochloric acid (~10 cm’ per group)

Notes
Probable timing - 60 minutes laboratory time

This is a qualitative look at emission spectra from various sources. The Data Analysis part of
this is a little questionable as it refers more to background theory than to the interpretation of
the results obtained, so you may feel more comfortable limiting assessment to just Data
Collection. If you have a few brighter students, you could ask them to further research the
results they obtain for fluorescent lights as a little piece of more genuine Analysis?

Also, if the Physics department has a calibrated spectroscope that allows measurement of the
wavelength of lines, then you could add a quantitative exercise to the end of this practical.
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus required (per group)
6 x test tube :
3 x boiling tube
watch glass

Chemicals required:

About 10 cm’® per student of:

Aqueous sodium hydroxide

Dilute sulfuric acid

Chlorine water

Bromine water

Aqueous lead nitrate

Aqueous silver nitrate -

Todine .in aqueous potassium jodide -
Ethanol

Hexane

About 50 cm’® per student of:

Aqueous sodium chloride
Aqueous sodium bromide
Aqueous sodium:(or potassium) iodide

Iodine (about 1 g per student):
Blue litmus paper

Notes
Probable timing - 90 minutes laboratory time

A few simple test tube reactions to investigate properties of the halogens that the students
should be aware of. Iodine is expensive, so if you prefer, part 1 could easily be done as a
demonstration. Parts 2 and 3 rather involve the concept of equilibrium, so be warned if you
have not yet introduced it. In part 4 a good test of the thinking student is whether they
explain why the non-aqueous solute is added. Don’t forget to relate part 5 to black and
white photography. Ihave omitted the differential solubility of the silver halides in ammonia
as the syllabus specifically excludes it, but you may want to add it in for fun. The solubility of
the lead salts (part 6) is not really necessary, but the iodide is very pretty as it recrystallises
and the fact that the bright yellow iodide surprisingly produces a totally colourless solution is
a good test of observation. Ask the bright ones why?
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As with all student-planned practicals, it is difficult to list precisely what the precise
requirements will be, but the following are probably a reasonable guess!

Apparatus required
A supply of test tubes, boiling tubes and ignition tubes
Power packs, with electrodes and a light bulb or ammeter in series
Small beakers, watch glasses, petri dishes, evaporating basins

Chemicals required

The students will require a range of unknown solids to test (~ 5 g per student), labelled only
with a letter.

A possible list of suitable solids is given below:
' Silicon dioxide

Sucrose

Sodium chloride

Todine

Charcoal

Paraffin wax

Calcium carbonate

QENmuaw»

Notes
Probable timing - 60 minutes planning, 60 minutes laboratory time

I would use this after having dealt with the theory of the way in which bonding affects.-
physical properties, saying to the students, OK, try it in practice. The only thing they may
want to do, that I would dissuade them about is testing the electrical conductivity of the
molten samples. 1 simply say that if it is ionic then, with our apparatus we would not be able
to heat it to its melting point anyway. Setting some sort of time limit is useful, otherwise you
will find some students wanting to take the precise melting and boiling points of things, rather
than going for “ball park” estimates.

They will of course find that they will have ambiguities in their results, for example
differentiating between an insoluble ionic substance and one with a giant covalent lattice and
also the fact that some molecular covalent substances (e.g. sucrose) are more soluble in water
than non-polar solvents. However this gives students a chance to weigh up the relative
merits of the conflicting pieces of knowledge and reflect on ways in which the uncertainty
could be resolved.
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus required (per group)
6 x Test tubes
2 x 10 cm® measuring cylinders
Accurate thermometer (0 - 50°C by 0.2° divisions?)
Stirring rod

Chemicals required
About 2g per group of the following solids:
Sodium chloride
Urea
Naphthalene
Silicon dioxide

About 5 cm’ per group, except where indicated otherwise, of:
Ethanol (clear meths) .-
Ethyl ethanoate (ethyl acetate)
Propanone (acetone)
Trichloromethane (chloroform)
Hexane (~50 cm’ per student)
Hexene

Other Requirements

Three long, sealed tubes (0.5 m?) almost filled with liquid, but contammg a small air bubble.
The liquids should be with hexane, paraffin & propan -1.2.3-triol (glycerol). The tubes
should be labelled with the liquid they contain.

Five burettes in a fume cupboard, containing water, cyclohexane, propanone (acetone),
tetrachloromethane (carbon tetrachloride) and trichloroethane (chloroform). There should be
five large beakers for the liquid from the burettes to run into, as well as supplies of the liquid
to top up the burettes. A number of electrostatics rods, and cloths for charging them, will
also be required. '

Notes
Probable timing - 60 minutes laboratory time

This practical provides a chance to see whether students are capable of applying the concepts
of forces between particles to explain some simple observations.

For part 4, it is probably best to have one set of burettes and liquids already set up in the
fume cupboard and devise a roster for the students to use these.
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Apparatus required (per group)
2 x test tube
2 x boiling tube
2 x thermometer (0 - 110°C)
10 cm® measuring cylinder
Water bath
Quickfit apparatus for distillation with a thermometer
Buchner flask fitted with bung and a thermometer to go in the liquid
Filter pump

also generally available
Balance capable of weighing to at least 0.01 g

Chemicals required
Naphthalene (~10.g per group)
Methanol (~55 cm® per group)

Notes
Probable timing - 90 minutes laboratory time

This practical allows students to observe that the temperature remains constant during

éhanges of state. It also allows an estimate to be made.of the latent heat of fiision, a concept -

that students are sometimes.less familiar with, assuming that the rate of heat loss from a tube
of water and a tube of naphthalene are the same under the same conditions. Inthe second .
part, the-small volume of methanol is deliberate so that the temperature should remain
constant until it has all boiled off, aftér which-it should rise to that of the water bath. The
final section allows students to observe the dependence of boiling point on pressure.
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Teacher No. of students/groups
Apparatus required (per group)

Melting point apparatus

Boiling point apparatus

Chemicals required
Solids for MP determination, suggestion:
Naphthalene, labelled "Solid A"
Naphthalene ground up with about 5% benzoic acid, labelled "Solid B"

Liquid for BP determination labelled ‘Liquid C?, (suggestion-methanol)

Notes :
Probable timing - 15 minutes planning, 45 minutes laboratory tine -

Using this for Planning A is probably stretching: things a little, but trying to amass enough-- .-
that test this aspect is not easy! Filling in the planning section should be a fairly trivial
exercise for most students, and it can be done either at the same time as the practical or -

beforehand. : Because: of the variety of different pieces of apparatus uised‘in-different schools - -~

- to determine melting and boiling points, I have left.this open, so that: you can demonstrate the o
correct use of the apparatus you have available to.the students. You can then see’ from the
methods they produce to what extent they were listening to.you! .
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Teacher No. of students/groups

Apparatus required (per group)
Thermometer (0 - 110°C)
Stop watch
100 cm’® measuring cylinder
Weighing bottle
Polystyrene cup
Electric stirrer

also generally available
Balance capable of weighing to at least 0.01 g
Paper towels
Kettle(s)

Chemicals required
Ice (~25 g per group) _
Aqueous 1 mol dm™ copper sulphate (~50 cin’> per group) -
Powdeéred zinc (~5 g per group) -

Notes
Probable timing - 60 minutes-laboratory time -

A fairly straightforward thermochemistry practical that gives reasonably good results.
Thermochemistry practicals in-my experience tend to give notoriously poor results and so I

would assess Manipulative Skills on the relative accuracy of the final results. “The latent heat. -

generally gives better results than the enthalpy of reaction and there are less embarrassing
questions about whether one should take into account the specific heat of zinc, copper, or
both!
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Day/Date of lesson Period _ Room

Teacher No. of students/groups

Apparatus (per group)
Thermometer (preferably 0 - 50°C by 0.1°C intervals)
Stop watch
100 cm® measuring cylinder
Weighing bottle
Polystyrene cup (at least 250 cm’ capacity)

also generally available
Balance reading to 0.01 g

Chemicals required
2 mol dm™ hydrochloric acid' (~250 cm® per group)
Solid sodium hydrogencarbonate (bicarbonate) (~15 g per group)
Solid anhydrous sodium carbonate (~10 g per group) -

Notes
Probable timing - 60 minutes laboratory time

Another thermochemistry practical, this time one:that allows:students to put Hess” law into ..
practice. The results are even more unrehable however as heat losses occur through the gas
evolved: Ihave deliberately not included graph paper, but the students are told to use extra ..
paper if required and if, in view of the data collected, these did: not include some graph paper, -
it would certainly be reflected in'my Data Analysis mark. -

A photocopiable graph page is provided in.the front of the Portfoho

A Portfolio of Investigations for 1.B. Chemistry. © Green. J. and Greig. D Australia 2001 146
This sheet may only be photocopied and used according to the Conditions of Sale.



Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus (per group)
Stop watch
100 cm® measuring cylinder
50 cm’ measuring cylinder
25 cm® measuring cylinder
10 e’ measuring cylinder
2 x 250 cm® conical flask
Burette
10 cm® pipette and pipette filler

At least one set of
250 cm® conical flask fitted with a bung connected to a 100 e’ gas syringe
Spectrophotometer or colorimeter

also generally available
At least two balances reading to 0.01 g
Filter paper

Chemicals required
0.5 mol dm™ hydrochloric acid - (~50 cm® per group)
2 mol dm™ hydrochloric acid (~60 cm® per group)
2 mol dm™ nitric acid (~100 cm® per group)
0.005 mol dm™ jodine dissolved in 0.1 mol dm™ KI (~25 cm’® per group)
2 mol dm™ aqueous propanone (~50.cm® per group)
0.005 mol dm™ aqueous sodium thiosulphate (~250 ci’ per group)
0.02 mol dm aqueous sodium thiosulphate (~20 cm’ per group)
sodium hydrogen carbonate (~25 g per group)
Magnesium ribbon (~4 cm per group)
Marble chips (~10 g per group)
Starch indicator

Notes
Probable timing - 120 minutes laboratory time

This practical is designed to allow the students to become familiar with a variety of
techniques that can be used for monitoring the rate of a chemical reaction. It is deliberately
open ended from the point of view of data recording and result analysis and again, even
though a graph proforma is not provided in this practical, I would be most unhappy if
students did not produce graphs, with suitably drawn tangents, of their results. A
photocopiable page is provided in the front of the Portfolio. The sensible use of equipment
with which they have had little previous experience, such as the gas syringe and
spectrophotometer/colorimeter, should allow an assessment of Manipulative Skills.
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Apparatus and chemlcals required

As with any student planned practical, it is difficult to be precise about the requirements. If
the students have recently completed the practical on “Techniques for Measuring Rates of
Reactions” then it is probable that their requirements will be quite similar to those for that
practical.

Notes
Probable timing - 60 minutes planning, 90 minutes laboratory time

This is a.good practical to carry out immediately after Investigation 21, so that students tend
to choose one of the reactions investigated there and all the apparatus is still out. They are
left free to decide what they are going to vary, but it is worth noting, for the sake of all those
who think:rate is proportional to temperature, that-they are only asked to formulate a *
hypothesis, not a correct hypothesis! -As the technique will probably closely mirror one of
those in the previous investigation, Planning (b) marks will probably focus on'choosinga' -
suitable range for the manipulated variable and adequate control of the other variables
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Apparatus (per group)
250 cm’ conical flask
50 cm® measuring cylinder
0 - 110°C thermometer
Top pan balance accurate to 0.01 g (preferably one per group)

Chemicals required:
~5 mol dm™ hydrochloric acid (about 100 cm’ per group)
Small lumps of calcium carbonate (about 20 g per group)
Large lnmps of calcium carbonate (about two ~10 g lumps)

Notes
Probable timing - 90 minutes laboratory time -

A fairly straightforward practical that looks at the effect of most variables, except the
presence of a catalyst; on the rate. of reaction. - If the students: were to do all the parts of it
themselves it would take a long time; so-I usually ask them all to do Part-A-(just so. they.can -
see how varied the results-are!) and I then assign them one of the other parts. They can then
share results at the end - Personal Skills (a)!

As the students do-not look at the effect of acatalyst here, I often'do a demonstration of the
effect-of a catalyst either during the practical or-another lesson close to it. The “pink foam”
(see Investigation 3) is always worth repeating, but T must -admit my favourite (although it -
prompts a lot of difficult-to-answer questions) is the catalysis of the reaction between sodium
potassium tartrate (Rochelle’s salt) and hydrogen peroxide:

Take about 4 spatulas of the tartrate and dissolve it in about 20 cm® of 20-volume hydrogen
peroxide, then divide the solution equally between two boiling tubes. Heat the first one and
note that it has to be almost boiling before there is any sign of reaction. Add a couple of
crystals of cobalt(IT) chloride to the second, swirl until these dissolve and then warm gently.
Note that gas starts to be evolved when it is still cool enough to hold. The colour changes,
showing that the cobalt is involved in the reaction, but changes back to the original pink at
the end, showing that it has not undergone any permanent change.
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Teacher ‘ No. of students/groups

Apparatus (per group)
100 cm’® measuring cylinder
10 cm’® measuring cylinder
4 x 100 cm’® beaker

Chemicals required:
0.02 mol dm™ aqueous potassium thiocyanate (~100 cm’® per group)
0.01 mol dm™ aqueous iron(III) nitrate (~20 cm® per group)
Solid potassium thiocyanate
Solid sodium fluoride

Notes
Probable timing - 30 minutes laboratory time

I usually do this as a demonstration and put the four beakers on-top of the overhead projector -
so that the colours are-easy to compare. In that way I can ensure that the students fill in each
section before going on to the next... They naturally think it is-a normal reaction in which the -
Jiron(IIT) is the limiting reagent and become rather agitated when their. predlctlon, that adding -
extra thiocyanate will have no eﬁ“ect ‘proves to be incorrect! "
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Apparatus

This will vary according to students’ plans, but will probably involve a selection of:
Burettes & burette funnels
Pipettes & pipette fillers
Volumetric flasks
Measuring cylinders
Conical flasks
Beakers
Filter funnels and paper
Evaporating basins
Test tubes and boiling tubes

also generally available:
Top pan balance reading t0.0.01 g
pH meters

Chemicals required
This will be very dependent upon what the students request. . -

Notes
Probable timing - 45 minutes planning, 45 minutes laboratory time

A chance for the students to plan a practical giving a qualitative demonstration of

“Le Chatelier’s Principle”. I usually have students plan the practical, and hand in their plan,
before carrying out the practical, so I can check them for practicability, safety etc., as well as
ordering suitable reagents. Obviously it would be very easy to assess this for other criteria,
such as Data Collection, Data Analysis and Evaluation, as well as the Planning criteria, but
my personal preference is to have a limited number of focuses for each investigation
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Apparatus (per group)
6 x Test tubes
4 x Boiling tubes
10 cm® measuring cylinder
100/150 cm’ conical flask
Burette and funnel
Burette clamp
Burette funnel

also generally available
Conductivity apparatus

- Chemicals required

1 M hydrochloric acid (~100 cm® per group). : -

1 M sulfuric acid (~100-cm’ per group) - . -

1 M nitric acid (~100 e’ per group)

1 M ethanoicacid (~100 cm® per group). .-

0.1 M hydrochloric acid (~100'cm® per group): -

0.01 M hydrochloric:acid (~100 cnr’ per.group) .

1 M aqueous sodium hydroxide (~100 cm® per group)

0.1 M aqueous sodium hydroxide (~20 cm® per.group) -
0.01 M aqueous sodium hydroxide (~20 cim® per. group) -
1'M aqueous ammonia (~20 cm’ per group) . :
Marble chips (~6 per group)

Magnesium ribbon (~6 x 2 cm lengths per group)
Copper(I) oxide (~2g per group) -

Narrow range pH paper (a selection to cover pH O to pH 14)
Phenolphthalein indicator

Notes
Probable timing - 120 minutes laboratory time

This is a rather lengthy practical as it combines an investigation of the properties that all acids
have in common with the differences between strong and weak acids and bases. As
conductivity equipment varies I have not included specific instructions, so you will probably
have to demonstrate the use of the apparatus available to the students before they start. In
parts 1) and 3) I specify the use of narrow range pH paper rather than a pH meter, because
for the purpose required I find it just as accurate and simpler, not to mention the fact that
glass electrodes may not perform accurately with concentrated alkali. A pH meter could
however be used, if you prefer it.
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus (per group)
6 x Test tubes

2 x Boiling tubes
2 x Splints

Chemicals required

About 10 cm’ of each of the following agueous solutions per group.
Aqueous iron(IT) sulphate (Fresh solution)
Aqueous copper sulphate
Aqueous sodium hydroxide
Aqueous potassium iodide
Aqueous potassium dichromate(VI)
Aqueous potassium permanganate(VII)
Aqueous ethanedioic (oxalic) acid
Dilute hydrochloric acid
Dilute sulfuric acid
Hydrogen peroxide
Aqueous chlorine solution .
Aqueous sulfur dioxide solution
Limewater
[Concentrations are not too important.]

Granulated zinc
Magnesium ribbon
Calcium metal

Notes
Probable timing - 90 minutes laboratory time

A simple series of reactions to familiarise students with a variety of oxidising and reducing
agents. In the space for the equations I have left three lines so that the students can write the
relevant half equations before combining them, though of course they could produce the
balanced equation by other methods if you prefer.

If you like demonstrations, there are a number of fairly spectacular redox demonstrations
such as the “Thermit” reaction (powdered Al & Fe,O;, ignited by a fuse of Mg ribbon), or the
formation of aluminium iodide (powdered Al & I, activated by a few drops of water) - both
can be a bit hazardous so check out details in a book of demonstration reactions.

My favourite however, because of its simplicity is just to make a crater in a small mound of
finely ground potassium permanganate(VII) on a steel plate and pour in a little glycerol. It
takes a few seconds to start, but then there are lots of impressive lilac flames!
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus (per group)
6 x test tubes with corks/bungs
Watch glass or evaporating basin

also generally available:
Splints

Chemicals required
Cyclohexane (~10 cm’® per student)
Cyclohexene (~10 cm® per student)
Methylbenzene (toluene, ~10 cm’ in total)
Bromine water (Freshly prepared, ~5 cm® per student)
Aqueous ammonia (~10 cm? in total)
Aqueous acidified potassium permanganate. (~3 cm3 per student)
(dilute sulfuric-acid with just enough permanganate to make it purple). -

Unknown organic compounds, labelled with'a letter - to be chosen by the teacher
(suggestions would be gas. from the gas tap, olive oil, paraffin, ethanal).

Notes
‘Probable timing - 60 minutes laboratory time (including planning time).

A number of fairly simple reactions of hydrocarbons coupled with testing some unknowns for. . .

saturation. I include the reaction with permanganate for two reasons - firstly because the

" colour remains in the aqueous layer as a.contrast to bromine (revise intermolecular forces). .
Secondly it emphasises that both:it and the bromitie are reduced in the addition reactions and
so the test for unsaturation would:'not be valid if other groups that acted as reducing agents -
were present.
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Day/Date of lesson Period __Room

Teacher No. of students/groups

Apparatus (per group)
One molecular modelling kit, containing at least:
6 carbon atoms
10 hydrogen atoms
2 oxygen atoms
2 chlorine atoms
12 single bonds
2 double bonds

Notes
Probable timing - 60 minutes

A chance for students to play with.models in order to-realise the limitations of two .
dimensional strictural formulae: . 1t'goes well beyond the SL:syllabus, but:1' do: all of my-
isomerism-at one go, hence the. HL- work. ‘If you: cut this out then it will probably take less =~
-{tune if you include it then it may take a- Tittle- longer. You-canextend the Manipulative Skills
assessment to returning the kit complete and not throwing the balls-around!
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Day/Date of lesson Period Room

Teacher No. of students/groups

Apparatus (per group)
Quickfit apparatus for distillation with thermometer
Test tube
100/150 cm’ beaker
2 x 250 cm’ beaker
0-110°C thermometer
10 cm® measuring cylinder

Chemicals required
Concentrated sulfuric acid (~10 cm’ per group)
2-methylbutan-2-ol (tertiary amyl alcohol, ~15 cm® per group)
Bromine water
Ice )
Aqueous sodium hydroxide solution
Arnhydrous calcium chloride

Notes
Probable timing - 120 minutes laboratory time:

I like preparative chemistry as students seem to gain a certain satisfaction from having .
something they have made (sort of like cooking!). I think it also requires. a different type of
Manipulative Skill. This Investigation is generally fine, though on occasions I have had good -
students end up with poor yields for.no obvious reason. I often don’t get.as far as the final * *
stages and leave it at just the crude product. If you continue with the purification, you may
find it works better if students combine their crude products, so they are working witha
larger volume. You may also find you need quite a lot more time!
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